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Abstract
Detailed mapping on low sun-angle aerial photographs 
has separated actual outcrops from inferred and concealed 
features. In addition to recording the basic geology, physi­
cal properties such as joint spacing, permeability, relative 
rock strength, weathering degree, excavation ease, erodibility, 
slope stability, and possible use are mapped.
The detailed mapping also detected active movement during 
Holocene time along 8 kilometers of the 150 kilometer long 
Carson lineament. This recent movement is featured by: (1) a 
200 meter-wide, northeast-trending active fault zone near Indian 
Mountain, and (2) a 900 meter-wide, northeast-trending active 
fault zone along U. S. Highway 50. Besides active faults, other 
geologic hazards are: (1) high potential, in the near future, 
for strong earthquake ground motion, (2) liquefaction potential 
for water-saturated, loose, sandy alluvium near U. 3. Highways 
395 and 50, (3) two potential landslide areas on Duck Hill, 
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I N T R O D U C T I O N  
LOCATION AND SIZE OF THE AREA STUDIED
Northern Carson City, an area of approximately 42 
square kilometers, is bounded by: (1) U. S. Highway 395 on 
the western side, (2) U. S. Highway 50 on the southeastern 
side, and (3) on the northern side, an unmarked east-west 
section line located approximately two kilometers north of 
the Lakeview interchange on U. S. Highway 395. Figure 1 
illustrates the general location and the boundaries of the 
area studied.
PURPOSE AND SCOPE OF THE INVESTIGATION 
Enviornmental geologic studies were conducted in 
the Carson City area for the following reasons: (1) rapid 
urban growth in the near future has been predicted for 
Carson City, (2) previous geologic studies of the area have 
not focused on all of the possible geologic hazards, and 
(3) as the state capital, Carson City can serve as a planning 
model for other western Nevada Communities. An increase in 
population from the current 22,200 to 33,600 by 1980 has been 
predicted by a recent study (oral communication, Hancock,
1974). Because the increase in population and the associated 
urban sprawl will occur in a relatively short time, the 
geology needs to be accurately recorded before significant 
features are obscured by grading, pavement, and other develop­
ment. More importantly geologic hazards, such as active 
faulting, earthquake ground motion, landslides, and flooding
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need to be identified. Before areas having these hazards are 
to be utilized in the planning process, the geologic condi­
tions must be understood by people with non-technical back­
ground as well as geologists and engineers. Therefore, 
to assist land-use planners and the public in understanding 
the effects of the geologic environment, this investigation 
is organized into three sections. The first section is a 
technical description of the geology and the second section 
desceibes the physical properties of the gologic environment. 
These two sections provide the scientific background for the 
third section. This third section, which illustrates the 
geologic hazards, is an interpretation of the geology and 
physical properties in simple terms so land-use planners can 
consider the possible hazards of Carson City.
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METHOD OF STUDY
The investigation began with a review of the existing
literature on the geology. This review was followed by an
interpretation of aerial photographs at various scales. Field
work began in July, 1974 and continued until September, 1974.
Occasional field visits were made during fall and winter of
1974 to resolve complex relationships.
The geology and the physical properties were mapped on
clear overlays that were attached to the low sun-angle aerial 
2photographs. The technique of differentiating individual 
rock outcrops from the soil cover was used in recording the 
geology. This technique was found to be superior to the 
reconnaissance style of mapping because only observational, 
not interpretive, information was recorded. Therefore, persons 
reviewing the geologic map can draw their own conclusions from 
the information without being prejudiced by the investigator.
For example, the outcrops show geologic facts at. specific points. 
If these points are located on a map, then the geology between 
the points can be identified as being inferred. Without the 
outcrojis as reference points, the reviewer cannot tell the 
difference between the observed geology and the inferred geology. 
However, this method was applicable only in bedrock areas because 
the unconsolidated alluvial deposits seldom exhibited outcrops.
In mapping the unconsolidated gravel and sand deposits, the more
■’'Aerial photographs taken when the sun's incident angle 
was low during the late afternoon which enhanced linear fea­
tures such as faults by forming detectable shadows.
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subjective reconnaissance technique was supplemented by a geo- 
morphic analysis in which the physical landforms of these 
deposits were scrutinized.
The geology from the overlays was optically transferred 
by a Kail projector to a topographic base map. This base map 
was photographically enlarged to a scale of 1:12,000 from the. 
U. S. Geological Survey 7.5' Carson City and New Empire quad­
rangle maps.
The scope of the physical properties study is limited to 
qualitative, subjective observations with a minimum number of 
quantitative tests. More detailed testing is required in order 
to accurately determine the engineering properties at a given 
site. For this reason, the information in the physical proper­
ties section should not be used as a substitute for detailed 
site investigations conducted by engineering firms.
Throughout this study metric units are used. If readers 
wish to convert these to English units, Appendix A is provided 
for their convenience.
Appendix B, Geologic Time Scale, is provided to define 
the time intervals psed in this study.
PREVIOUS AND CONCURRENT INVESTIGATIONS
The sketch map in figure 2 illustrates the area covered 
by previous and concurrent investigations. The northern portion 
of the regional geology is described by Bonham (1969) and Moore 
(1969) describes the southern portion. A detailed study of 
the metamorphic rocks near Carson City was conducted by Zones 
(1958) ; the eastern half of the investigated area was previously 
mapped in a reconnaissance manner by Schryver (1961).
Concurrent to this investigation, the geology west of 
U. S. Highway 395 was being studied and mapped (oral communica­
tion, Kirkham, 1975). Also, south of U. S. Highway 50 the 
environmental geology was being recorded (oral communication, 
McKinney, 1975). The writer's research is coordinated with 
these■concurrent investigations and all the mapping will he of 
the same scale. Therefore, geologic coverage of the entire 
Carson City area will result from this combined effort.
e n l a r g e m e n t  l o c a t i o n
Previous Areas Studiedfigure 2:
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G E O L O G Y
REGIONAL GEOLOGY 
General
Summarizing the general overview of the regional geologic 
setting, western Nevada was the site of thick accumulations 
of marine sediments and volcanic rocks in a basin near the 
western margin of the continent. These deposits were thrust 
and folded during several mountain building processes which 
were followed by renewed marine deposition and volcanic activity. 
Granitic magma intruded the sedimentary and volcanic rocks 
causing them to be physically and chemically changed by low- 
grade metamorphism. These metamorphic rocks, which took nearly 
300 millions years to develop, were then gradually arched upward 
and eroded for 50 million years until the granitic core of the 
Sierra Nevada was exposed. This left only small erosional 
remnants of the metamorphic rocks along the flanks of the 
granitic batholith. Intermittent volcanic activity over the 
last 26 million years and Basin and Range faulting during the 
last 15 to 17 million years has produced the present landscape 
of western Nevada. During the period of faulting, alluvial 
sediments were deposited in the basins and along the mountain 
range fronts. The last major event was the formation of Alpine 
glaciers in the higher mountains. Then due to a warmer, drier 
climate, the glaciers melted and retreated with the meltwater 
bringing the existing basin lakes to their highest level about 
11,000 years ago. Readers interested in the details of the
preceding overview are referred to the regional studies by- 
Bonham (1969) and Moore (1969).
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Basin and Range Structure
In the last 10 to 15 years, various theories have been 
proposed for the origin of the Basin and Range structure. As 
noted by Bonham (1969, p. 43), the numerous theories can be 
grouped into two general categories: (1) theories based on 
regional compression, and (2) theories based on regional ex­
tension. The regional compression theories use a model of 
right-lateral and left-lateral conjugate fault systems as 
proposed by Moody and Hill (1956) and shown in figure 3. This 
model was further developed by Shawe (1965) in which he states 
that:
"The fundamental structural frame-work of the 
province consists of a conjugate system of 
strike-slip zones of deformation, northwesterly 
zones of right-lateral offset, and northeasterly 
zones of left-lateral offset".
Figure 4 shows these transverse lineaments which may be major 
strike-slip structures.
Several authors have presented various theories of Basin 
and Range structure that postulate a model of regional extension 
(Atwater, 1970), (Scholz and other, 1971), (Stewart, 1971), and 
(Thompson and Burke, 1974). Although the proposed mechanism for 
regional extension differs between authors, there is a general 
agreement that: (1) the net effect of fault movements within 
this region is a crustal extension oriented roughly 1VNW-ESE, (2) 
this region is an area of high heat flow and widespread volcanism,
10
cr,
a  M A J O R  P R I N C I P L E  S T R E S S  
a3 M I N O R  P R I N C I P L E  S T RES S
// D. R E C T I O N  OF R E L A T I V E  M O V E M E N T
F igure  3: Right La te ra l  and Le f t  
(after  Moody and Hill ,
La te ra l  Congugate Fault System 
1956)
F igure  4: Map of Nevada Showing T ran sve rse  Lineaments 
That May Be Major  S tr ike-s l ip  Structures 
(after Shawe, 1965)
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(3) studies of focal mechanisms of small earthquakes show a 
consistent direction of extension, and (4) the inception of 
Basin and Range faulting is dated at 15 to 17 million years ago.
Whether the present Basin and Range structure resulted 
from regional compression or extension cannot easily be deter­
mined from the data available to date. And, a case can be made 
for explaining right-lateral and conjugate left-lateral movement 
by extension as well as compression in terms of major and minor 
principle stresses. That is, the primary stress direction 
shown in figure 3 would be the major principle stress (â ) in 
compressions, and normal to that, the minor principle stress 
(â ) would be the direction of extension. Regardless of which 
theory of Basin and Range structure is correct or currently 
accepted, this investigation on the environmental geology of 
Carson City has been too localized to provide evidence in support 
of either regional compression or extension theories. However, 
some of the faulting in the northern and southern parts of the 
field area may be related to a major structural trend identified 
by Shawe (1965, p. 1375) as the "Carson lineament".
The Carson lineament is a northeasterly trend of near­
alignment of valleys and mountain ranges, and numerous north­
easterly faults that is topographically expressed for more than 
150 kilometers. It extends from Carson City northeastward along 
the southeastern border of the Virginia Range and along the 
northeasterly oriented Hot Springs Mountains and along the south­
west end of the West Humboldt Range (see figure 4). Near Carson 
City, this lineament is marked by the unique northeast foliation
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of metamorphic rocks. The usual regional metamorphic trend in 
western Nevada is north-northwest (Moore, 1969, p. 16). Fault 
patterns in the Carson City area curve northeast to easterly 
from the northward trend found south of Carson City. This 
fault trend change infers a structural "knee" parallel to the 
northeast Carson lineament (Gilbert and Reynolds, 1973, p, 2508). 
If this hypothesis is valid, the Carson lineament may represent 
a break at depth in the crust between the relatively more stable 
block to the south, deformed by northward trending normal faults, 
and a zone deformed primarily by horizontal shear at depth; 
resulting in left-lateral faults an en echelon normal faults at 
the surface near Carson City. Previous investigations on the 
Carson lineament have not recognized any Holocene age movement 
of faults along this zone.
Regional Seismicity
The regional seismicity during historic time has been 
studied in detail by Ryall and others (1966) and crustal 
movements during Pliocene and Quaternary time have been in­
vestigated by Slemmons (1967). The results of these studies 
that are salient to the Carson City area are: (1) in all of 
the persistent seismic zones, gaps in the seismic pattern were 
filled in by successive large earthquakes, (2) during the his­
toric period, tlere was a shift of seismicity in two of the 
six active zones, (3) the tectonic processes causing earthquakes 
and faulting are distributed over broad areas , and are not con­
fined to geologic or physiographic provinces. In Nevada, trends 
in minor activity on the maps show distinct alignments in 
directions which are transverse to major structural trends, thus
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forming conjugate sets of historically active zones, (4) there 
appears to be a general agreement between the pattern of 
seismicity in an active zone and the rate of activity determined 
by recurrence curves, (5) there is a correlation between crustal 
strain buildup indicated by observed shear and slippage, and the 
seismic activity in a general area, and (6) future earthquakes 




A general pattern has been adopted for describing the 
various rock units. This pattern begins with the oldest major 
rock category and then divides this unit into various sub­
categories according to their relative age. Therefore, this 
chronological order corresponds to the explanation on the 
geologic map where the oldest rock units are at the bottom of 
the column (see plate 1). Then, in a chronological order of 
oldest to youngest, the major rock units are described. The 
rock descriptions themselves have been organized into the 
following scheme: (1) general features, (2) nature of contacts, 
(3) field description, (4) diagnostic features, (5) age, and 
(6) thickness. Appendix C contains the tables that precisely 
describe the terms used for the grain size, texture, structure, 
discontinuities within the mass, and weathered state. Often, 
terms describing these properties, such as: medium-grained, 
thinly-bedded, widely-spaced joints, or slightly weathered
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have entirely different meanings for each person. Therefore, 
by setting limits on each of these properties, there should be 
no confusion or misinterpretation of the terminology. One of 
the most important rock descriptions, particularly to persons 
with a non-technical background, is the color of the rock or 
soil. This easily recognized feature greatly facilitates identi­
fication. Therefore a considerable amount of emphasis is given 
to accurately describing the color of the rocks, minerals, and 
the soil surface. For this reason, it should be noted that the 
rock-color nomenclature is keyed to the standard rock-color 
chart distributed by the Geological Society of America, Boulder, 
Colorado.. When the rock colors have two or more hues, an 
identifying number follows the rock-color nomenclature. These 
color comparisons were made in the field in direct sunlight from 
dry surfaces.
Metamorphic Rocks
The oldest rocks in the Carson City area are the meta­
morphic rocks. These have been subdivided further into meta- 
sedimentary and metavolcanic rocks on the basis of their 
relative ages. The metasedimentary rocks are considered older 
than the metavolcanic rocks by: (1) Moore (1969, p. 5) in the 
Sweetwater Range south of Carson City, (2) Thompson (1956, p.
48) in the Virginia City quadrangle to the north, and (3) Zones 
(1958, p. 9) in the Carson City area.
Zones (1958) has subdivided the older metasedimentary 
rocks by their physical characteristics. These characteristics,
1G
oi' lithologies, are recognizable in the rock's gross features 
and by inspecting hand-size specimens using a 10 power magnifier. 
Therefore, Zones (1958) metasedimentary rock units have been 
generally adopted by this investigation, with minor changes. 
amphibolites: Mh
general features
This rock forms prominent, block-shaped outcrops on the 
eastern side of Sugarloaf Hill and in small isolated patches 
north of Lakeview Summit. Generally, the outcrops are surrounded 
by silty soil with infrequent gravel-size rock fragments. The 
soil ranges in color from dusky yellow to light olive gray 
(5Y 5/2).
nature of contacts
The isolated patches of amphibolites near the Lakeview 
Summit represent erosional remnants of the metasedimentary rocks 
that once formed the roof of the younger granitic intrusion. 
Likewise, the larger area of amphibolites near Sugarloaf Hill 
has an intrusive contact with the granitic rock. This contact 
is quite irregular bo-th laterally and vertically. Evidence for 
the vertical irregularity is shown by the occurrence of contact - 
metamorphic minerals such as garnet, epidote and possibly 
scheeiite that are exposed in prospect pits and trenches near 
the map's grid coordinates 4 344 000N, 2G1 700E. This indicates 
that the granitic contact is probably within 10 meters of the 
surface in this area because the contact-matamorphism seldom 
extends further than this distance in other amphibolite exposures.
The contact-metamorphism is characterized by small, less
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than 10 by 30 meters, discontinuous lense-shaped masses along 
the margins of the amphibolite-granodiorite contact. These 
masses retain their foliated character but exhibit narrow 
bands of medium-grained, dark reddish brown garnets surrounded 
by fine-grained, light olive epidote crystals. Commonly, 
these bands are stained with varieties of earthy iron-oxide, 
mainly goethite and rarely hematite. Occasionally, these 
contact-metamorphic zones show sporadic copper-sulfide miner­
alization, principally chalcopyrite with minor traces of 
bornite. The copper-sulfides have weathered to copper-silicates 
and copper-carbonates; therefore, fractures, cracks and other 
discontinuities are occasionally coated with light blue green 
chrysocolla and dark yellowish green malachite. All of these 
areas of contact-metamorphism have been prospected, probably 
for copper, gold and possibly tungsten; however, the small size 
of these deposits have limited any commercial development. 
•Therefore, the commercial potential of metallic deposits in 
the contact-metamorphic zones is judged to be negligible.
The amphibolites near Sugarloaf Hill are in a faulted 
contact with other metasedimentary rocks on their southeastern 
boarder. Quaternary Period alluvium covers the remainder of 
the amphibolites.
field description
The greater mass of the amphibolites are closely banded 
to very closely banded with these alternating bands consisting 
of 40 percent medium to fine-grained, subhedral, pinkish gray 
plagioclase feldspar with 20 percent fine-grained, anhedral, 
clear quartz and 30 to 40 percent fine-grained, subhedral,
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greenish black (5G 2/1) amphibole; which is probably hornblende. 
Local varieties consist of 40 percent fine to medium-grained, 
euhedral to subhedral, white plagioclase feldspar porphyroblasts, 
30 percent fine-grained, anhedral, white quartz, 20 percent fine­
grained, subhedral, greenish black (5G 2/1) hornblende. Rarely, 
more massive varieties exist where the rock is entirely composed 
of subhedral, greenish black (5G 2/1) to dusky green, medium 
to fine-grained hornblende. Patchy clay alteration is associated 
with the contact metasomatism in which the amphibolite is partly 
altered to hornfels and minor skarn with abundant garnet, epidote, 
and chlorite. Near the contact metasomatic zones, quartz and 
calcite veining follows the foliation, jointing and fractures.
These rocks generally have very closely spaced, open 
joints which are smooth and undulating. Many of the joints are 
subparallel to the slope of the steeper hills. The amphibolites 
have a strong lineation due to parallel alignment of the amphi- 
boles. According to Zones (1958, p. 26), foliation is not in 
the plane of the lineation. The foliation is shown by a 
flattening of the plagioclase and
"the statistical orientation of the amphiboles into 
a position such that one face of the prism lies in 
the plane of foliation".
The amphibolite outcrops are moderately to highly 
weathered to a dark gray or a brownish gray colored weathering 
product of clay and decomposed rock.
Petrographic descriptions are given by Zones (1958, p. 
26-31) in which he classes these rocks equivalent to the amphi­
bolite facies of high-grade metamorphism.
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diagnostic features
The diagnostic features of the amphibolites are the:
(1) block-shaped outcrops, (2) alternating white and greenish 




The quartz-albite schist frequently forms prominent, 
ragged, rounded outcrops in a 400 meter wide zone trending 
northeast through Indian Mountain. Commonly, these outcrops 
are surrounded by silty soil ranging in color from grayish 
orange to moderate yellowish brown. Very infrequent, gravel - 
size rock fragments are mixed in with the soil cover.
nature of contacts
These schists have a fault contact with slates, 
phyllites, and fine-grained schists on their northwestern 
border. The southeastern boundary of the quartz-albite schist 
is defined by gradational metamorphic contact with the same 
metasedimentary rocks that, are found to the northwest. This 
contact was mapped mainly by soil differences, loose rock 
fragments and a few outcrops. Indian Mountain is capped by a 
much younger volcanic flow of vitrophyric andesite; the quartz- 
albite schist underlie this younger andesite. Alluvium covers 
exposiires of the schists on the remaining perimeter.
field description
Compositionally, the quartz-albite schist consists of 
40 percent fine to medium-grained, subhedral to euhedral, white 
plagioclase feldspar, 20 percent fine-grained, anhedral, white
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quartz, 15 percent medium-grained, anhedral, clear to pale 
blue quartz porphyroblasts, 5 percent medium-grained, sub- 
hedral, white plagioclase feldspar porphyroblasts, and 30 
percent fine-grained, subhedral, black biotite clots along 
foliation planes. As a whole, this schist is not greatly altered; 
however, the biotite is partly altered to chlorite and minor clay. 
The feldspar is incipiently altered to clay.
On freshly broken surface, this schist is yellowish gray 
(5Y 8/1) to dark greenish gray with light brown (5 YR 5/6) iron- 
oxide staining. Generally, this rock is moderately to highly 
weathered to blotches of yellowish brown and grayish orange 
along widely spaced, open joints.' The joints are usually quite 
irregular and show very rough surfaces.
According to Zones' (1958, p. 22-24) thin section des­
cription, this schist belongs in the low-grade metamorphic 
greenschist facies.
diagnostic features
The main diagnostic features of the quartz-albit.e schist 
are: (1) the ragged, rounded outcrops, (2) the coarseness of
the grain size and (3) the foliated nature of the outcrops. 
slates, phyllites, and fine-grained schists: Mf
general features
The slates, phyllites, and fine-grained schists are 
rarely exposed in outcrop. The few existing outcrops are con­
fined to: (1) narrow drainages where the soil cover has been 
removed by erosion and (2) along road cuts in the developed 
areas. Lacking outcrops, the presence of gravel-size and smaller
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elongated rock fragments in a dusky yellow silty, clayey soil 
assisted in mapping the aerial extent of these matasedimentary 
rocks.
nature of contacts
These rocks occur in two distinct areas: (1) in a 
fault-bounded, down-dropped (note cross-section A-A' on plate 
1) 250 meter wide band between the amphibolites and the quartz- 
albite schists, and (2) in a broader, 400 meter wide zone 
southeast of the quartz-albite schists. This latter area is 
bounded by vague, poorly defined contacts with the quartz- 
albite schists on the northwest and other metasedimentary rocks 
on the southeast. The southeast contact has the same general 
trend as a lineation that may be an extension of a possible 
fault zone. The other boundaries of these metasedimentary rocks 
are covered by alluvium deposited during the Quaternary Period.
field description
Compositionaily, the fine-grained schists consist of 
40 percent very fine-grained, subhedral, black biotite, 30 
percent very fine-grained, subhedral, spangly muscovite, and 
30 percent very fine-grained, anhedral to subhedral, dark 
greenish gray chlorite. The slate comprises less than 20 percent 
of the total area mapped as slates, phyllites and fine-grained 
schists. The slates consist of a dark gray (N 3 0), aphanitic, 
dense fissil rock with local bands of phyllites. The phyllites 
appear to be a metamorphic facies of the slate. The slates and 
phyllites are too aphanitic to determine their approximate 
composition in hand specimen.
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Petrographic work by Zones (1958, p. 21-22) show that 
these rocks are classified as low-grade metamorphic greenschist 
facies.
The slates, phyllites, and fine-grained schists commonly 
are grayish black, dark gray and greenish gray (5GY 6/1) when 
freshly broken. The weathered surfaces range in color from 
olive gray (5Y 4/1) to dark greenish gray. The outcrops are 
easily broken and crumbled by hand which indicates that this 
unit is highly to completely weathered to clay and decomposed 
rock.
The few outcrops exposed along the dry drainages show 
a very closely-spaced, open jointing pattern which generally 
parallels the plane of foliation. In addition to the jointing, 
these rocks have very closely-spaced fissile parting planes 
that also are parallel to the plane of foliation.
diagnostic features
The apparent lack of outcrops, the fine-grained, fissile 
nature, the silky sheen, and the high degree of weathering 
are diagnostic of the slates, phyllites, and fine-grained schists. 
chiastolite slate: Me
general features
This rock was originally identified by Zones (1958) as 
chiastolite-biotite-graphite slate; however, the last two con­
stituents are not visible without the use of a microscope. 
Therefore, the field name of chiastolite slate is used in this 
s t u d y .
This slate has not developed outcrops; instead loose, 
gravel-size, platy rock fragments winnow out on the surface of
a moderate brown (5 YR 4/4), silty soil. These fragments and 
the differences in soil were the criteria for mapping the 
boundaries of this metasediment.
nature of contacts
The very poorly defined northwestern boundary with the 
slates, phyllites, and fine-grained schists has already been 
discussed as being a possible fault contact or a metamorphic 
contact. The southeastern boundary is a poorly defined meta­
morphic contact with another variety of schist. A fault contact 
with alluvium to the east and a depositional contact with 
alluvium on the west define the remaining boundaries of this 
slate.
field description
The chiastolite slate is comprised of 95 percent aphanitic, 
grayish olive to olive black graphite (?) or other blackish 
colored minerals with less than 5 percent, medium-grained, sub- 
hedral to anhedral chiastolite porphyroblasts which give the 
slate a knotty, birds-eye maple appearance.
According to Zone (1958, p. 19) thin section description, 
this slate contains
"numerous chiastolite porphyroblasts in a very fine­
grained matrix that consists of equal parts of 
biotite, quartz, and graphite. Tourmaline in small 
rods is abundant and forms about 5 percent of the 
matrix."
The chiastolite slate is generally grayish olive to 
olive black on a fresh surface. The more common weathered 
surface is usually a dark yellowish brown color on the surface 
of float fragments. The lack of outcrops is apparently due
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to the complete degree of weathering and the fissile nature 
of the slate.
Lacking outcrops, the float fragments part readily 
along extremely closely-spaced fissile planes of foliation.
diagnostic features
Diagnostically, the prominent features of this rock are: 
(1) the knotty, fissile character, (2) the black color, and 
the nearly complete degree of weathering. 
high-grade calc-schist: Md
general features
This metasedimentary rock was originally identified by 
Zones (1958) as scapolite-augite rock. For this study the 
general field name of high-grade calc-schist is used. Gener­
ally, high-grade calc-schists are those metasedimentary rocks 
which were originally an impure limestone that have been sub­
jected to high temperatures during regional metamorphism 
(Williams and others, 1954, p. 239). Zones (1958, p. 18) 
speculated that
"the original rock was probably a tuffaceous lime­
stone which has been subjected to metamorphism in 
the high-grade part of the albite-epidote-amphibolite 
facies".
nature of contacts
This schist is exposed by isolated outcrops in three 
areas: (1) just north of the Carson Hot Springs, (2) north of
Bonanza Drive, and (3) on three small hills west of Goni Road 
and east of Indian Mountain. These unique outcrops are 
characterized by small, block-shaped rocks that are white to
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very light gray with sporadic, irregular, light greenish gray 
(5G 8/1) streaks when a fresh surface is exposed. Due to the 
isolated nature of the outcrops, all of these areas were mapped 
on the basis of float fragments and soil differences.
field description
This dense, massive schist is comprised of 70 percent 
very fine-grained, anhedral, white feldspar (?) (scapolite),
25 percent very fine-grained, subhedral, white calcite, and 
5 percent very fine-grained, subhedral, black needles of 
amphibole (?). The characteristic feature of this schist 
are flat, elongated, hollow spaces which Zones (1958) believed 
to be former lenses of limestone that had been removed by 
solution weathering or alteration. The hollow lenses are 
commonly 2 to 3 centimeters wide and up to 30 centimeters long. 
Zones (1958, p. 17) petrographic description of this rock 
follows:
"A fine-grained mosaic of scapolite, augite, horn­
blende or temolite, quartz, calcite, and a few 
tuffaceous fragments make up the bulk of the 
rock. Of these minerals, scapolite and augite are 
the most common 'and comprise more than half the 
aggregate. Calcite occurs in occasional large grains 
and as veinlets. Residual quartz and plagioclase 
up to one-half mm. in diameter and a few grains of 
potash feldspar are scattered through the rock. The 
quartz and plagioclase have been broken and crushed 
by shearing and the quartz grains have been elongated 
parallel to the foliation."
The exposures are moderately weathered with local areas 
being highly weathered. Usually, the weathered surfaces are 
pinkish gray to moderate brown (5 YR 3/4). Light brown (5 YR 5/6) 
silty, clayey, gravelly soil covers most of the more highly 
weathered areas lacking outcrops.
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The few isolated outcrops show moderately widely- 
spaced, open joints in orthogonal sets. There is no fissility 
or obvious foliation. The only observed linear structure is 
the elongation of the solution cavities.
diagnostic features
The unique characteristics of the high-grade calc-schist 
are: (1) the white color, (2) the massive texture, and (3)
the elongate solution cavities. 
mica schist and chlorite schist: Me
general features
These metasedimentary rocks are exposed in a rectangular 
shaped area south of Arrowhead Drive. Small, usually less than 
8 meters in diameter, tabular, rounded outcrops are sporadically 
scattered throughout a yellowish gray to grayish orange, silty 
soil. The mica schist is usually light gray to very light gray 
when a fresh surface is exposed. This surface weathers to a 
pinkish gray color. The chloritic schist are typically 
spotted in appearance and range in color from grayish green 
(10GY 5/2) to dusky green. The spotted character is due to 
clusters of chlorite which dominate the mineral assemblage.
nature of contacts
The northern boundary is a vague metamorphic contact with 
the chiastolite slate. The southern contact with the younger 
metavolcanic rocks is equally obscure and was determined from 
float fragments and differences in the soil. The eastern 
border of these schists is a fault contact while the western 
side is overlain by younger alluvial deposits.
27
field description
The mica schist is composed of 45 percent fine-grained 
to very fine-grained, subhedral to anhedral, white plagioclase (?) 
feldspar, 35 percent very fine-grained, anhedral clear to milky 
white mixture of quartz and muscovite, 10 percent very fine­
grained, subhedral, black biotite, and 10 percent fine-grained, 
anhedral, white calcite stringers and veinlets. The chlorite 
schist is usually composed of 30 percent fine-grained to very 
fine-grained, subhedral to anhedral, white plagioclase (?) 
feldspar, 25 percent very fine-grained, anhedral mixture of clear 
to milky white quartz and muscovite, 25 percent very fine-grained 
to fine-grained, anhedral to subhedral clots of grayish green 
(10 GY 5/2) chlorite, 10 percent very fine-grained, subhedral, 
black biotite, and 10 percent fine-grained, anhedral, white 
calcite along veinlets parallel to the foliation. The feldspar 
is incipiently altered to minor clay and traces of chlorite. 
•Biotite is partially altered to abundant chlorite and possibly 
minor sericite (?) .
Generally, these- schists are slightly fissile along very 
closely spaced planes subparallel to the plane of foliation.
The open jointing observed in the small outcrops is usually 
widely spaced, smooth, and mainly oriented parallel to the 
plane of foliation. The few resistent outcrops are moderately 
weathered but the remaining area of the schist is highly 
weathered to soil and float.
Zones (195S, p. 15-16) petrographic description of the
mineral assemblages indicate that the degree of metamorphism 
is equivalent to that of the greenschist facies.
diagnostic features
The identifiable characteristics of the mica schist 
and chlorite schist are: (1) the tabular, rounded outcrops,
(2) the coarse grained character, and (3) the spotted pattern 
of the chlorite schist.
total thickness
Measuring the total aggregate thickness of the meta- 
sedimentary rocks parallel to cross-section A-A' (see plate 1) 
is difficult because of the uncertainties of the subsurface 
structure and the nature of the contacts. If the cross-section 
A-A' is drawn correctly, the estimated maximum thickness of the 
metasedimentary rocks in the western part of the field area 
is in the range of 500 to 700 meters. Schryver (1961, p. 36) 
has estimated the metasedimentary rocks in the eastern part of 
the field area to be approximately 65 to 70 meters thick.
age
Moore (1969, p. 5) has reported the age of the meta- 
morphic rocks to be near the Triassic-Jurassic age boundary 
(190-195 million years ago). This age estimate applies to all 
of the metasedimentary rocks in the preceding descriptions.
By summarizing the field characteristics of the meta­
sedimentary rocks, a general pattern is observed. In an order 
of succession away from the granodiorite intrusive, the meta- 
morphic facies pattern is: (1) amphibolite, (2) greenschist, 
and (3) small, isolated areas of albite-epidote-amphibolite.
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Contact-metasomatic mineral assemblages are found near the 
granodiorite contact; and chlorite, clay, and mobilized calcite 
representing propylitic alteration is seen throughout the 
surrounding schists.
The discussion of the metamorphic rocks is not complete 
without including the metavolcanic rocks. By differences in 
their lithologies, the metavolcanic rocks were subdivided by 
Zones (1959) into: (1) meta-volcanic breccia, and (2) meta­
tuffs. This classification was sufficient for the area in­
vestigated by Zones. However, extensive outcrops of a third 
metavolcanic further to the east necessitates still another 
subdivision; that is, meta-andesite. 
meta-volcanic breccia: Mb
general features
This metavolcanic rock forms ragged, irregular outcrops 
on the northern third of Lone Mountain. The outcrops are 
unique because of their coloration and texture. Light gray to 
greenish black (5 G 2/1) irregular patches, which weather to 
dark gray and brownish gray, mottle the surface. The volcanic 
fragments range in diameter from a few centimeters to several 
tens of centimeters. Some of the fragments are equidimensional 
while most are elongated lenses parallel to the direction of 
weak foliation.
nature of contacts
To the south a very gradational, vague contact is made 
with meta-andesite. Alluvium and some wind-blown sand form the 





Approximately 75 percent of the rock is comprised of 
angular to subangular breccia clasts that conpositionally are 
aphanitic andesite and tuff (?). The aphanitic texture of 
the clasts precludes an estimation of their individual constitu­
ents by hand specimen inspection. The size of the clasts range 
from 2 to 3 centimeters in diameter to more than 70 centimeters 
long. Zones (1958, p. 11) states that:
"Most of the fragments which exhibit a strong di­
mensional orientation, are flat lenses whose di­
mensions are approximately in the ratio of 2:3:6.
The two longest dimensions are parallel to the 
plane of schistocity; the longest is parallel to 
the direction of lineation."
The remaining 25 percent of groundmass consists of 
less than 15 percent fine-grained to medium-grained, sub- 
hedral plagioclase feldspar phenocrysts in 85 percent aphanitic 
matrix of quartz (?), feldspar (?), and biotite (?).
According to Zones' (1958, p. 12-15) petrographic de­
scription of the breccia, the mineral assemblage is equivalent 
to either the albite-epidote-amphibolite facies or the biotite- 
chlorite subfacies of the greenschist facies of metamorphic 
grade.
Moderately widely-spaced joints are usually filled or 
coated with moderate yellowish green, fine-grained epidote 
crystals and greenish black (5 G 2/1) fine-grained, blade-shaped 
tremolite crystals. Both open and closed, healed joints occui , 
however, the open, smooth joints predominate. Minor quartz 
veining up to a few centimeters thick was observed along joints
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and fractures. Several local areas contained randomly oriented, 
black devitrified glass dikes that range in width from a few 
centimeters to nearly 60 centimeters.
The degree of weathering is classed as moderately 
weathered for most of the outcrops which are surrounded by a 
sandy, gravelly, pale olive soil.
diagnostic features
The unique features of the Meta-Volcanic Breccia are:
(1) the mottled coloration, (2) the green and black minerals 
lining the joints and fractures and (3) the ragged, irregular 
shaped outcrops.
meta-tuff and meta-andesite: Ma
general features
The meta-tuff is exposed in prominent, craggy outcrops 
on the southern end of Lone Mountain. On fresh surfaces, 
this rock is usually dusky blue to greenish black (5 G 2/1) 
with white specks. Weathered surfaces are various shades of 
gray or brownish gray. The white specks are due to medium­
grained plagioclase feld.spar crystals surrounded by the very 
fine-grained matrix. Occasionally, these crystals are aligned 
subparallel with clusters of fine grained, black biotite and 
inclusions of angular, foreign rock fragments. This may indicate 
that the meta-tuff is genetically akin to the meta-volcanic 
breccia but this speculation would require further investigation. 
The bold outcrops represents a resistance to weatheiing not 
shown in the other metamorphic rocks.
From an aerial extent, the meta-andesite comprises the 
majority of the exposed metavolcanic rocks. Small outciops
of meta-andesite occur north of Carson Hot Springs, in very- 
low knolls south of Hot Springs Road, in a small area near 
the eastern end of Arrowhead Drive, and on a low hill near the 
eastern end of the Carson Airport runway. Also, large, craggy, 
block-shaped outcrops of this rock occur on a prominent hill 
northeast of the Carson Airport. This easily recognized rock 
is greenish black (5 G 2/1) to dusky blue on freshly broken 
surfaces. Weathering produces colors ranging from olive black 
to brownish gray.
nature of contacts
The meta-tuff has a very gradational, poorly defined 
contact over several meters wide with meta-andesite on the 
northern border. The remaining perimeter is covered by 
younger alluvium.
The meta-andesite on Lone Mountain forms very gradational, 
poorly defined contacts over several meters wide with meta- 
tuff to the south and meta-volcanic breccia to the north.
Alluvium covers the eastern and western borders. The other 
occurrences of meta-andesite are in contact with younger 
alluvium; and in one larger outcrop area, by younger basalt 
flows and alluvium.
field description
The composition of the meta-tuff is comprised of 20 to 
30 percent fine-grained, subhedral to euhedral, white plagioclase 
feldspar crystals in 50 to 60 percent ash-rich, siliceous 
groundmass with up to 25 percent of the groundmass containing 
clots of chlorite that have developed by the alteration of very
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fine-grained, subhedral black biotite. Approximately 50 
percent of the biotite has been altered to chlorite. The 
plagioclase and the biotite are usually oriented along a 
poorly defined plane of foliation.
From a petrographic investigation, Zones (1958, p.
13-14) states that:
"The granulation of the feldspars and quartz in both 
the volcanic breccias and the tuffs imparts to these 
rocks a distinctly cataclastic fabric. Most of the 
constituents of the matrix; however, have been re­
crystallized and a crude schistosity has developed.
These rocks therefore have characteristics of both 
cataclastites and schists and appear to be inter­
mediate between the two."
Compositionally, the meta-andesite consists of 60 
percent very fine-grained to fine-grained, subhedral to euhedral, 
greenish gray (5 G 6/1) plagioclase feldspar laths in 30 percent 
very fine-grained to aphanitic, mafic-rich, greenish black (5 GY 
2/1) groundmass mixture of hornb.lende (?) , biotite (?), and 
feldspar (?) and 10 percent medium-grained clots of very fine­
grained, subhedral, black biotite.
The feldspar is totally to partially altered to abundant 
chlorite and minor clay with possible traces of eipdote.
Generally the mafic-rich groundmass is partially altered to 
chlorite, epidote, and clay in that order of abundance.
A petrographic description of the meta-andesite by 
Schryver (1961, p. 15) states that:
"In thin section, granoblastic, intergranular, and 
relict porphyritic textures are apparent. No flow 
lineations were observed."
The usual texture is massive with little or no evidence of
£oliation; lineation, or other metamorphic features. Struc­
turally, both closed and open joints occur. Commonly, the 
joints are planer, smooth and coated or filled with chlorite, 
epidote, or tremolite. The open jointing is generally widely- 
spaced; however, the filled, closed joints are usually moderately 
widely-spaced. The nature of the outcrops and the general 
landforms demonstrate that this rock has resisted weathering 
more than the other metamorphic rocks. The weathered state of 
the outcrops is classified as moderately weathered. Surrounding 
these outcrops is a silty, gravelly soil that ranges in color 
from yellowish gray (5 Y 7/2) to pale olive.
diagnostic features
The resistent., craggy outcrops, the speckled nature, 
and the inclusions of exotic rock are diagnostic features of 
the meta-tuff.
The easily recognizable features of the meta-andesite 
.are: (1) the prominent outcrops, (2) the massive, nearly
homogeneous texture, (3) the green minerals along joints, and 
(4) the greenish black color.
total thickness
Schryver (1961, p. 36) has estimated the total thickness 
of the metavolcanic rocks to be around 330 meters or more.
M l
All of the metavolcanic rocks are in the same geologic 
age group as the metasedimentary rocks; that is Triassic- 
Jurassic Period. However, the metavolcanic rocks overlie the 




The plutonic rocks, which are considered to be an 
eastern continuation of the Sierra Nevada batholith (Moore,
1969, p. 8), are exposed in a nearly continuous band. This 
band extends from Lakeview Summit to the southern side of 
Duck Hill, then to the western half of Sugarloaf Hill, and then 
along a one kilometer wide, northeast trending zone towards the 
Washoe County-Carson City boundary. The predominant plutonic 
variety is granodiorite which is exposed in numerous, massive, 
rounded outcrops. Most of the outcrops are surrounded by aprons 
of boulder-size talus debris. Approximately 10 to 15 percent 
of the granitic surface area is comprised of solid outcrops.
The remaining surface area consists of an accumulation of 
weathered granitic fragments called grus. This grus has 
weathered to a sandy, silty soil that ranges in color from 
grayish yellow to grayish orange.
Generally, on a freshly broken surface the granodiorite 
has a very light gray to light gray background that is speckled 
with greenish black flecks. The weathered surface ranges in 
color from yellowish gray to, occasionally, moderate reddish 
brown iron-oxide stained surfaces. The iron-oxide stain is 
probably derived from the weathering of the dark minerals, 
biotite and hornblende, which have a high iron content in their 
chemical composition. Technically, the granodiorite could be 
classified as a bornblende-biotite granodiorite because of the
preponderance of these minerals. The presence of hornblende 
to biotite is in an approximate ratio of 4:1.
A small area near Lakeview Summit was mapped as porphyritic 
granodiorite. This textural variation of the granodiorite shows 
large plagioclase feldspar phenocrysts, surrounded by a fine­
grained background mixture of plagioclase and potassium feldspar, 
quartz, and hornblende. This area was mapped from float fragments 
on the surface because no outcrops are present.
nature of contacts
The granodiorite has an intrusive contact with the older 
metasedimentary rocks on the eastern half of Sugarloaf Hill. 
Tertiary Period volcanic rocks on the north-eastern border 
forms a volcanic contact with the granitic rocks. Occasionally, 
this contact is illustrated by an iron-oxide stained surface 
that shows evidence of baking by the younger volcanics. The 
overlying volcanic rocks have a one to two meter wide glassy 
zone, which indicates they were rapidly cooled as they flowed 
over the granodiorite.
field description
The usual composition of the granodiorite is 60 percent 
medium to coarse-grained, euhedral to subhedral, milky white 
to clear plagioclase feldspar, less than 5 percent medium­
grained, anhedral, white to very pale orange potassium feldspai,
15 percent coarse-grained, anhedral, clear quartz, 15 percent 
coarse to medium-grained, euhedral to subhedral, greenish black 
(5 GY 2/1) hornblende, and 5 percent medium to fine-grained, 
subhedral to euhedral black biotite. Generally this rock has a
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coarse-grained, hypidiomorphic granular texture. Usually the 
individual crystals are unoriented; however, local areas show 
a strong linear trend which is characteristic of an intrusive's 
border zone.
The majority of the joints are rough, planer, orthogonal 
surfaces. The spacing of open joints throughout the outcrops 
varies from being widely-spaced to very widely-spaced, but the 
latter spacing predominates. The joint spacing may have con­
trolled the degree of weathering in this rock. Weathering is 
most intense along the joint faces and proceeds inward until 
the entire mass is decomposed. This feature is shown in the 
various road cuts along U. S. Highway 395. Also shown in the 
road cuts is the apparent depth of weathering which extends 
for more than 30 meters in most places. The weathering resistent 
outcrop knobs may be areas where the jointing was more widely 
spaced than in the surrounding mass. However, there are a few 
.outcrop areas that, have resisted weathering because of 
numerous quartz veins along the joints and a silicification of 
the rock between the joints.
diagnostic features
The diagnostic features of the granodiorite are: (1) 
the light gray and speckled color, (2) the similarity to the 
Sierra Nevada granitic rocks (3) the sandy soil and decomposed 
fragments, and (4) the prominent, rounded•outcrops. 
aplite dikes: Kap
general features
The rocks mapped as aplite dikes consist of both the
3 7
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aplitic and pegmatitic textural variations; however, aplite is 
more common. These dikes cut both the granodiorite and the 
amphibolite along a dominately northwesterly trend. A sub- 
ordinant northerly trend is also present. The majority of 
the dikes are concentrated around Sugarloaf Hill near the 
granodiorite-amphibolite contact.
nature of contacts
The aplite dikes vary in width from less than a meter to 
two meters wide and are generally less than 400 meters long. 
They form prominent, fence-like outcrops that range in color 
from grayish pink to moderate pink. The dikes usually stand 
out from the surrounding rocks by their relative resistance to 
weathering.
field description
The composition of the aplite textured dikes consist of 
50 to 65 percent fine to medium-grained, anhedral to subhedral, 
moderate pink potassium feldspar with 35 to 50 percent fine to 
medium-grained, anhedral, clear quartz. Texurally, the rock 
is hypidiomorphic, granular and usually massive.
Very closely-spaced, open, planar, orthogonal joints 
produce block-shaped float and outcrops.
The pegamatitic textured dikes consist of 40 to 50 pei- 
cent coarse to very coarse-grained, subhedral to euhedral, 
moderate pink to pinkish gray potassium feldspar, 35 to 50 
percent coarse-grained, anhedral to subhedral clear to white 
quartz, and 5 to 19 percent, coarse-grained, subhedral to 
euhedral, clear, spangly muscovite.
The jointing in the pegmatitic variety is usually widely 
spaced, open, and again, in orthogonal sets.
diagnostic features
The aplite dikes are easily recognized by: (1) the unique 
pinkish color (2) the sugary or very coarse texture, and (3) 
the traceable, fence-like, dike shape.
age
Numerous age determinations have been made on plutonic 
rocks from the eastern portion of the Sierra Nevada batholith 
by using the potassium-argon method. These radiometric ages 
of the plutonic rocks ranged from 82.4 to 95.3 million years 
ago (Curtis and others, 1958). Because the plutonic rocks near 
Carson City are considered to be an eastern extension of the 
Sierra Nevada, the granodiorite, porphyritic granodiorite, 
and aplite dikes are probably of the late Cretaceous Period 
(83 to 95 million years ago).
Volcanic Rocks
Hartford Hill Rhyolite Tuff: Thr, Thw, and Thb
general features
In the Carson City area, the oldest Tertiary Period 
volcanic rock is the Hartford Hill Rhyolite Tuff. This foima- 
tional name was given by Thompson (1956) to a sequence of vitiic- 
crystal tuffs, tuff breccia, and ivelded tuff approximately 305 
meters thick in the Virginia City area. The physical similarities 
of the Hartford Hill Rhyolite Tuff described by Thompson and the 
sequence of rhyolite tuff mapped near Carson City allowrs this
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rock to be tentatively assigned to the Hartford Hill Rhyolite 
Tuff Formation. Moore (1969), likewise, has shown these rocks 
as the Hartford Hill Rhyolite Tuff. Physical features of the 
Hartford Hill Rhyolite Tuff near Carson City are characteristic 
of an ash-flow tuff consisting of three alternating members. 
These members are: (1) welded rhyolite tuff, (2) crystal 
rhyolite tuff, and (3) rhyolite tuff breccia.
nati re_'of contacts
The Hartford Hill Rhyolite Tuff occurs in the northern 
portion of Duck Hill and in several areas northeast of the 
Carson Airport. Judging from the irregular nature of the 
contacts, the rhyolite tuff flowed over a landscape that had 
a low to moderate relief of gently rolling hills and valleys.
In the area near Duck Hill, the sequence appears to start with 
crystal rhyolite tuff overlain by welded rhyolite tuff with 
minor tuff breccia exposed. However, in the areas northeast 
of the Carson Airport, the sequence appears to start with 
welded rhyolite tuff which is overlain by crystal rhyolite 
tuff. This sequence may be repeated, particularly in the most 
eastern area of the geologic map.
crystal rhyolite tuff:__Thr
field desc.ription
This tuff member is characteristically pale red purple 
to pale red on a fresh surface. Compositionally, it usually 
contains 10 percent medium-grained, subhedral to euhedral, 
grayish pink to white potassium feldspar crystal fragments,
8 percent mediurn-grained, subhedral to euhedral, white to
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clear plagioclase felspar crystals, 5 percent medium-grained, 
anhedral, clear to smokey, quartz crystals, 15 percent medium 
to coarse-grained, angular tuff fragments and shards, 7 percent 
fine to medium-grained, subhedral, black biotite crystals in 
55 percent aphanitic, ash-rich groundmass.
The only observable structures are poorly defined 
cooling surfaces that show parallel parting. Open joints are, 
generally, closely-spaced to very closely-spaced, which produces 
low, block-shaped, tabular outcrops. These outcrops, and the 
rock mass as a whole, are only slightly weathered. The little 
soil that has developed is usually a light brown (5 YR 5/6) 
silty, gravelly soil with abundant, gravel-size angular rock 
fragments.
diagnostic features
This tuff may be distinguished from other rocks by: (1) 
the characteristic red color, (2) the subdued, block-shaped 
outcrops, and (3) the abundance of crystals within the tuff. 
welded rhyolite tuff: Thw
general features
Units within this tuff member show the greatest textural 
variation. These textural changes vary from glassy rocks to 
welded tuffs with elongate, lense-shaped openings that are 
lined \vrith very fine-grained quartz (?) crystals and iron- 
oxides. Commonly, crystals, crystal fragments and flattened 
tuff fragments are distributed throughout the rock. The contacts 
between the welded tuff and the crystal tuff members aie usually 
very gradational over a distance of 3 to 4 meters.
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The predominant colors of the welded tuff vary from 
pinkish gray to yellowish gray (5 Y 8/1) on a freshly broken 
surface. The more glassy varieties are generally grayish blue 
to dark gray. These colors do not shoivr any marked change when 
a weathered surface is observed. The welded tuff forms low, 
very subdued fractured outcrops that are surrounded by a rocky, 
silty, very pale orange soil with numerous, gravel-size, 
angular rock fragments. Locally, iron-oxide staining of joint 
and fracture surfaces produces outcrops and rock fragments 
that are moderate reddish brown.
field description
A more common variety of the welded rhyolite tuff consists 
of 5 percent medium to fine-grained, subhedral, black biotite,
20 percent medium-grained, subhedral to euhedral, clear plagio- 
clase feldspar crystal fragments, 2 to 5 percent medium­
grained, flattened lithic fragments in 70 percent aphanitic, 
ash-rich, pinkish gray groundmass. Locally the rock is bleached 
and partially altered to clay with iron-oxide, mostly goethite, 
coating joints and fractures.
Another common variety contains 10 percent medium to 
fine-grained, subhedral to anhedral, smoky quartz crystals,
20 percent flattened lithic fragments that are usually 1 to 2 
milimeters by 5 to 10 milimeters, 2 to 3 percent fine to 
medium-grained, subhedral, black biotite, 10 percent medium 
to fine-grained, subhedral to anhedral, broken, white plagio- 
clase (?) feldspar crystals in 55 to 60 percent aphanitic, 
ash-rich light gray groundmass.
Generally, jointing and parting is very closely-spaced 
to c l o s e l y - spaced which produces fist size, angular fragments 
when the tuff is broken with a hammer. This tuff member, 
like the crystal tuff, is only slightly weathered.
diagnostic features
The characteristics of the welded tuff are: (1) the 
obvious cream color, (2) the welded texture, and (3) the low, 
indistinct outcrops. 
rhyolite tuff breccia: Thb
This tuff member occurs only in small, isolated patches 
that seldom show outcrops. The rare outcrops are usually the 
same color as the welded tuff and compositionally resemble 
this member. However, texturally these rocks are unlike the 
welded tuff. It is only speculation, but perhaps the tuff 
breccia represents portions of the welded tuff that was not 
consolidated. This may explain the difficulty in placing this 
member in any sequential relationship with the welded tuff 
and the crystal tuff. Of course, this may also be due to the 
small size of the exposures.
age
The geologic age of the Hartford Hill Rhyolite Tuff has 
been determined by the potassium-argon method to be 22.7 to 
22.8 milion years old (Shilling, 1965). This would mean these 
rocks were erupted during the early Miocene Epoch, Tentatively, 
the crystal tuff, welded tuff and tuff breccia near Carson City 




In the Carson City area, the Hartford Hill Rhyolite 
Tuff Formation has an estimated maximum thickness of less than 
300 meters. A considerable amount of uncertainty rests with 
this estimation because a complete section cannot be measured 
in the field area. The base of the section is seen in the Duck 
H i l l  area. The top of the section may be present in the 
eastern field area; however, there is no continuity between 
these two areas that permits an accurate thickness measurement, 
vitrophyric andesite: Tva
general features
Volcanic rocks not related to the Hartford'Hill Rhyolite 
tuff occur in three areas near Carson City. These locations 
are: (1) Indian Mountain, (2) Duck Flat, and (3) a dike cutting
the granodiorite north of the Eagle Valley Ranch Childrens 
Foundation. All of these occurrences have one feature in 
common; that is, they appear to have a local source at their 
site of occurrence. This feature is obvious for the andesite 
dike that flowed up along-some structural discontinuity in 
the granodiorite. At Indian Mountain, flow features show that 
the origin was near the mountain top, probably along an opening 
or vent in the quartz-albite schist, and the andesite flowed 
downhill in a northeast direction. The occurrence at Duck 
Flat had a vent:like source near the map grid coordinate'
4 345 500N and 260 600E where a small hill is located. The 
andesite flowed in a general northeast direction from this 
point.
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The outcrop pattern is usually prominent, irregular to 
block-shaped and commonly shows thin parting that is parallel 
to the flow structure. On a freshly broken surface, this 
andesite is dark gray to olive gray. Outcrops at Duck Flat 
show a brownish gray color while those on Indian Mountain 
weather to a moderate brown (5 YR 4/4) to light brown 
(5 YR 5/6) color.
field description
The composition of this andesite consists of 10 to 20 
percent fine to very fine-grained, subhedral to euhedral, 
white to clear plagioclase feldspar phenocrysts, 10 percent 
fine to very fine-grained, subhedral to euhedral, black, 
peppery biotite phenocrysts, 5 percent fine-grained, anhedral, 
white potassium feldspar (?), 10 to 30 percent, rounded to 
irregular, fine to medium-grained vesicles in 55 to 75 percent 
medium gray vitrophyric, glassy groundmass.
Usually the medium-grain-size vesicles are abundant 
near the outer surfaces of the flow. Flow banding with very 
closely-spaced parallel parting and sheeting can be observed 
near the volcanic vents and along the borders of the flow. 
Closely-spaced jointing throughtout the outcrops forms fist- 
size, angular rock fragments surrounding the outcrops. The 
outcrops on Indian Mountain are surrounded by talus debris 
with little soil present. In Duck Flat, a grayish orange to 
moderate yellowish brown, silty, gravelly soil with frequent 
gravel-size, angular rock fragments surround the outciops.
This andesite is less weathered than the Hartford Hill Rhyolite
Tuff but still would be classed in the slightly weathered
category.
diagnostic features
The distinctive features of the vitrophyric andesite 
are: (1) the flow structure and parallel parting, (2) the
glassy, visicular texture, and (3) the unweathered nature of 
the outcrops.
age
Moore (1969, plate 1) has shown this andesite occurring 
in the Miocene or Pliocene Epochs and considerably younger 
than the Hartford Hill Rhyolite Tuff. Schryver (1961, p. 24) 
tentatively assigned this rock to an age between the Hartford 
Hill Rhyolite Tuff and the Alta Formation. On the basis of:
(1) the overlying relationship to the rhyolite tuff, (2) the 
attitude of the flows which indicate that eruption occurred 
when the existing landscape was nearly developed and (3) the 
lack of weathering, the vitrophyric andesite is tentatively 
assigned to the late Miocene Epoch (12 to 15 million years ago).
thickness
Although the top of this unit is not in contact with 
other rock units, measurements from the base indicate that the 




The basalt is the youngest volcanic rock neai Carson 
City. This lava flow covers a relatively large area northeast
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of the Carson Airport. The general features of the basalt 
are large, massive, rugged outcrop areas which easily comprise 
30 percent of the total surface. The area surrounding the 
outcrops is covered by angular, cobble to boulder-size rock 
fragments. Because of this rocky surface, walking over the 
basalt is difficult. A very shallow, light brown (5 YR 6/4) 
to pale yellowish brown, silty, gravelly soil is poorly 
developed in between the rock fragments.
The normal color range for a fresh surface of the basalt 
is brownish gray to pale red purple. The weathered surfaces 
vary from grayish red purple to grayish blue.
nature of contacts
The basalt flows form sharp, distinct contacts with the 
older rocks. This contact is commonly marked by a glassy 
basal zone in the basalt with minor baking of the older rocks. 
Younger alluvium covers the remaining borders of this rock.
field description
According to Schryver (1961, p. 32), this basalt flow 
consists of three members: (1) an upper portion that is dark 
gray to black and locally extremely vesicular, (2) a middle 
portion that is light gray with thin, platy flow banding, and 
(3) a lower part that is rather massive and locally contains 
flow breccia. This lower portion was not observed in the 
field area except in a few rare outcrops.
The upper portion contains 20 to 30 percent fine to 
medium-grained, rounded to subrounded vesicles in an aphanitic 
to glassy, brownish gray to black groundmass. Occasionally,
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some of the vesicles are lined with very fine-grained 
tridymite (?). Locally, the vesicles become so numerous that 
scoriaceous swirls up to 5 meters in diameter are observed.
The middle portion commonly consists of 30 percent fine 
to very fine-grained, anhedral to subhedral, white plagio- 
clase (?) feldspar, 5 percent fine-grained, subhedral, moderate 
yellowish green olivine, 10 percent fine-grained, angular, 
glassy, lithic fragments in 45 percent aphanitic to glassy, 
brownish gray groundmass. Usually less than 10 percent fine­
grained, rounded vesicles are present and most of these are 
lined with tridymite (?). Flow banding is observed locally; 
consisting of a subparallel alignment of the feldspar and an 
indistinct color banding. The outcrops of both the upper and 
middle portions of the basalt flow are randomly fractured into 
curved, irregular-shaped blocks. No distinct jointing pattern 
was observed; however, the fracturing is generally widely- 
spaced to moderately widely-spaced. The recency of the basalt 
has caused this rock to be only slightly weathered; even less 
weathered than the vitrophyric andesite.
diagnostic features
There are several features of the basalt which are 
diagnostic. These are: (1) the massive, numerous outcrops,
(2) the rocky surface, (3) the dark color and fine texture,
(4) the irregular fracturing, and (5) the relative lack of 
weathering.
age
According to Schryver (1961, p. 33)
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"This flow resembles the Lousetown basalts 
in texture and composition. However, the extreme 
freshness of the rock, the undissected cinder cone, 
the absence of tilting and faulting, and the fact 
that it covers pre-basalt faults and the existing 
topography suggest that the flow is younger than 
the Lousetown Formation and is probably Middle 
Pleistocene in age or perhaps even younger."
This basalt flow is probably associated, by the location of
its volcanic vent, to the McClellan Peak Basalt (Thompson,
1956, p. 57). A potassium-argon age determination of the
McClellan Peak Basalt near Mustang, Nevada gave an age of 1.14
million years ago (Schilling, 1965, p. 72). Therefore, the
basalt flow northeast of Carson City is tentatively assigned
to the Pleistocene Epoch due to its relationship with the
McClellan Peak Basalt.
thickness
The maximum thickness measured by Schryver (1961, p. 36) 
for this basalt, flow is approximately 100 meters. Near the 
borders the usual thickness is around 50 meters and occasionally 




Due to the lack of exposures, the original nature of the 
pediment-fan gravels is not known; hence the general name that 
spans both modes of deposition. That is, this gravel may have 
originated as a pediment gravel or an alluvial gravel. These 
deposits are exposed in a small area north of the Goni Ranch 
ruins and in the vicinity of map grid coordinates 4 345 0C0N
and 262000E. The latter occurrence consists of isolated 
patches that are too small to show on the geologic map.
field description
The original composition of these gravels is unknown 
because the surface now represents mainly lag-gravel in which 
the finer material (sand, silt, and clay) has been winnowed 
away by erosion. The residual gravel is a heterogeneous 
mixture of numerous volcanic and granitic clasts that are 
exotic to the area; that is, they are not related to the rhyolite 
tuff, vitrophyre andesite, or granodiorite near Carson City. 
Estimating the relative abundance of these rounded clasts, 
the following proportions are observed: 40 percent quartz- 
monzonite, 20 percent porphyritic quartz latite, 10 percent 
porphyritic latite, 5 percent porphyritic andesite, 5 percent 
rhyolite, 10 percent volcanic breccia, 5 percent basalt, and 
5 percent andesite. Approximately 80 percent of these clasts 
are gravel-size or larger ranging up to one meter in diameter,
15 percent are clay-size or smaller, and 5 percent are sand- 
size. The finer fraction is light brown to moderate yellowish 
brown and the gravel-size clasts have a variety of colors too 
numerous to list. Field estimates of the grain size parameters 
show that this gravel is a muddy, large pebble grave] that is 
non-sorted. Approximately 75 percent of the clasts that are 
greater than -2 to less than -6 size1were rounded to subrounded 
and 85 percent of the clasts that are greater than -6 size were 
subangular to subrounded. Numerous (up to 10 percent) broken 
clasts are present. Generally most of the clasts have a 
Refers to phi size, see appendix C.
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weathering rind shown by an outer zone of discoloration that 
penetrates less than a centimeter into the rock. One small 
exposure in a recent stream drainage is cemented with caliche 
and stained moderate reddish brown by iron-oxide to a depth 
of at least one meter. Judging from the small, patchy 
exposures and the amount of lag gravel, this unit is probably 
an erosional remnant of a larger deposit that has been deeply 
dissected.
diagnostic features
The diagnostic features of the pediment-fan gravel are:
(1) the rounded, exotic clasts, (2) the heterogeneous character 
ranging from clay-size particles to boulder-size clasts, and
(3) the slightly weathered nature.
age
There is no fossil evidence found to suggest an absolute 
age. However, a relative age can be determined from: (1) the 
amount of weathering, (2) the position of the deposit relative 
to other alluvium and (3) the presence of basalt clasts. Using 
this evidence, the pediment-fan gravels are probably post­
basalt and the oldest alluvium exposed. Therefore, they would 
be younger than 1.14 million years ago; probably several 
hundreds of thousands of years old.
thickness
An accurate measurement or estimate of the thickness is 
impossible to obtain from the exposures in the field area.
A review of the summarized well logs (Appendix D) infer that
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this unit, may have a maximum thickness of 10 to 4 5 meters 
(see well no. 19, 24, 25, 28, and 34). It should be noted 
that a high degree of uncertainty is associated with correlating 
surface exposures with well driller's records. Nevertheless, 
conscientious drillers may accurately report gross lithologic 
differences such as gravel, sand, or clay but reported differ­
ences between clay and silt, for example, become obscure. 
older alluvial fan deposits: Qof
general features
The older alluvial fan deposits occur in two general 
areas. One area is northwest of Goni Road and the other one 
is a nearly continuous zone flanking the bedrock area north­
east of Carson City. These two areas are probably connected, 
but overlying, younger alluvium now obscures any continuity. 
These deposits form very gently dipping to flat, wide aprons 
surrounding most of the larger bedrock areas in the eastern 
field area. Occasionally, highly dissected, isolated remnants 
are found in the bedrock areas, particularly in the area 
northwest of Goni Road.
field description
The composition of the older alluvial fan deposits 
varies with the differing source areas. For example, a 
compositional estimate of clasts from the deposits having 
an amphibolite-granodiorite source is: 65 percent amphibolite, 
20 percent granodiorite, 10 percent aplite, and 5 percent of 
quartz and feldspar fragments. A compositional estimate of 
deposits derived from a basalt-rhyolite tuff-metamorphic source
area is: 30 percent basalt, 40 percent rhyolite tuff, 10 per­
cent metamorphics, and 20 percent of feldspar, quartz, and other 
fragments. Typically, these older alluvial fan deposits are 
heterogeneous with mostly angular to subangular clasts in 
granitic sand and with minor silt. Bedding features are 
usually very poorly developed; however, occasionally evidence 
of cross-bedding can be observed.
The color of these deposits varies from greenish gray to 
greenish yellow to yellowish brown. The greenish color results 
from the amphibolite derived gravel, sand and silt. When 
amphibolite is absent from the other source areas, the yellowish 
brown color predominates.
Field estimates of the grain size distribution for the 
unit with predominant amphibolite clasts are 60 percent gravel 
size or larger, 30 percent sand size, with 10 percent clay size 
material. From the grain size parameters, this unit is a 
very coarse sand size, sandy gravel that shows very poor 
sorting. The majority of the clasts smaller than -1 are sub- 
rounded to subangular, and those clasts larger than -1 size 
are angular to subangular.
The grain size estimates for deposits bordering the 
basalt-rhyolite tuff-metamorphic bedrock area consist of 
30 percent basalt, 20 percent welded tuff, 20 percent crystal 
tuff, 10 percent metamorphics, 10 percent feldspar fragments,
7 percent quartz fragments, and 3 percent other lithic frag­
ments. Based on estimated grain size parameters, this unit is 
classed as a s andy, small pebble gravel that is very poorly
sorted. Approixmately 85 percent of all the clasts are angular 
to subangular. Underlying the small pebble gravel are inter- 
bedded to very poorly cross-bedded fine sand and sandy, small 
pebble gravel and granule gravel. The majority of this lower 
unit consists of 25 percent gravel size or larger, 70 percent 
sand size, and less than 5 percent clay size material. Pebble 
counts in the field show this finer unit to contain 10 percent 
welded tuff, 10 percent crystal tuff, 5 percent basalt, 50 
percent feldspar fragments, 20 percent quartz fragments, and 
approximately 5 percent other lithic fragments. As indicated 
by field estimates of the grain size parameters, the lower 
unit is a gravelly, very fine sand that is non-sorted. The 
majority of the clasts are subrounded to subangular. The 
nature of the contact between the lower and upper units is 
sharp, irregular and well defined by a distinct change in 
bedding attitudes and grain size. The base of the lower unit 
is not exposed.
Consolidation of these alluvial sediments is seen locally, 
but typically, they still can be easily crumbled by hand. 
Frequently, calcium carbonate cementation is observed along 
fractures and cracks to a depth of at least six meters. Caliche 
is sporadically developed throughout the exposures and, occa­
sionally, medium reddish brown iron-oxide staining is present 
in the upper, near surface zones. The calcium carbonate, 
caliche, and iron-oxide staining suggests that the older 
alluvium is slightly weathered on a relative scale.
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The older alluvial fan deposits are dissected by dry, 
intermittent drainages up to a depth of 4 meters; however, the 
common depth of dissection is around 2 to 3 meters.
diagnostic features
Some unique features of the older alluvial fan deposits 
are: (1) the poorly developed cross-bedding, (2) the angular
shape of the clasts, and (3) the, relatively, well-developed 
weathering characteristics.
age
Again, no fossil evidence is present to determine an 
absolute age. A few tubular shaped objects, which could have 
been root channels that are filled with a porous calcium 
carbonate and possibly clay mixture, are observed; however, 
reliable "carbon-14" age determinations of concretion type 
caliche carbonates are impossible because of uncertainties 
of their source materials (Prokopovich and Bateman, 1975, 
p. 70). Judging from the relative amount of weathering, the 
erosional dissection, and their overlying position with the 
pediment-fan gravels, the alluvial fan deposits are younger 
than the pediment-fan gravels.
thickness
The maximum thickness dissected by erosion is 4 meters 
and the base of the older alluvial fan deposits is not yet 
exposed. Very uncertain correlation with well log no. 2, 3,
5, 6, 7, 9, 10, 12, 26, and 30 (Appendix D) may indicate that 
the maximum thickness ranges from 20 to 35 meters north of 
U. S. Highway 50. South of the highway, the older alluvial
fan deposits may thicken to more than 60 meters, 
lake deposits: Qld
general features
Sediments that are characteristic of a shallow lake 
environment are exposed in an area north of U. S. Highway 50 
between New Empire and the Brunswick Substation. Near the 
map grid coordinates 4 341 000N and 266 300E small, rounded, 
potato-shaped cobbles of calcareous concretions are found in 
the soil overlying the lake deposits. The pinkish gray to 
very pale orange lake sediments are exposed in a low, flat 
slightly depressional area that is somewhat oval shaped in aerial 
demensions. The long axis of the oval would be approximately 
1000 meters and the short axis is in the range of 700 meters. 
There are several faults that displace these sediments 1 to 2 
meters vertically.
field description
By field estimate, these deposits consist of less than 
5 percent sand size, greater than 90 percent silt size, and 
less than 5 percent clay size particles. A sieve analysis 
by Howard and Johnson (1973) of a sample from the lake sediments 
resulted in 100 percent passing a no. 10 sieve, 93 percent 
passing a no. 40 seive, and 71 percent passing a no. 200 sieve. 
The liquid limit is given as 37 percent moisture and the plastic 
index is recorded as 2. Field inspection of this fine silt 
did not show7 an appreciable amount of plasticity. The majority 
of the sand size particles are 1.5 size and the silt is 
approximately 6 size. The degree of rounding of the sand grains
and the lack of clay infers that the lake deposits are mainly 
a medium to fine, sublitharenite silt that is texturally mature. 
No obvious internal structures are observed; the deposit being 
somewhat homogeneous.
A very shallow (less than 30 centimeters thick) brownish 
gray soil with a well developed "B-horizon" and numerous, 
rounded, potato-shaped, small cobble size, calcareous concre­
tions covers the borders of the lake deposits. This character­
istic soil development indicates a slightly weathered condition. 
In a very few localities, the lake sediments are dissected by 
dry drainages up to 2 meters deep. The deepest drainage 
disection is near the eastern border of these deposits.
diagnostic features
The very unique characteristics of the lake deposits 
are: (1) the pale flesh color, (2) the uniform, fine silt,
and (3) the relative state of weathering.
age
The lake deposits are assigned a relative age somewhere 
between the older alluvial fan deposits and the younger alluvium. 
These lake sediments may have accumulated during local damming 
of the Carson River or during the cooler, wetter climate of 
the last glacial period. If this last speculation is true, 
these deposits are correlative to Lake Lahontan sediments. 
Therefore, a tentative late Pleistocene age is proposed foi 
the lake deposits.
thickness
The base of this unit is not exposed in the field area;
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an uncertain correlation with well no. 3 (Appendix D) infers 
that the lake deposits may be at least 16 meters thick. 
younger alluvium: Qa  ̂ and alluvial fan deposits: Qaf^
general features
The largest surface area of alluvium consists of the 
unconsolidated deposits mapped as younger alluvium and alluvial 
fan deposits. It is nearly impossible to differentiate the 
alluvium from the alluvial fan deposits unless their differing 
landforms are analyzed using aerial photographs. The alluvial 
fans are near the bedrock source areas and have very gently 
dipping surfaces. The alluvium is further from the bedrock 
areas and generally has a flat surface. On close inspection, 
the alluvial fan deposits are somewhat coarser-grained with a 
sandy gravel predominating. The contact between these two 
deposits is naturally gradational; therefore, aerial photographs 
were used to detect the subtle changes in landforms that are 
not apparent on the ground.
field description
The alluvium shows a wide variety of composition, but it 
is usually a dusky yellow to yellowish gray (5 Y 7/2) very fine­
grained sand, fine-grained sandy gravel, or gravelly, muddy, 
medium-grained sand. Field estimates of the composition of the 
very fine sand usually average around 85 percent sand size, 14 
percent silt size, and less than 1 percent clay size particles. 
An estimate of the size parameters resulted in classifying 
this deposit as a silty, very fine, subarkosic sand that, is 
texturally submature. Most of the sand grains are subanguiai
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and have very poor sphericity. Compositionally, this sand has 
60 percent feldspar fragments, 20 percent quartz fragments,
10 percent biotite, 10 percent granitic lithic fragments, and 
10 percent of other lithic fragments.
By field estimate, the sandy gravel consists of 20 percent 
gravel size, 75 percent sand size, and less than 5 percent clay 
size particles. The name for this unit, based on estimated 
size parameters, is a fine, sandy gravel that is very poorly 
sorted. The majority of the clasts are angular to subangular 
with 20 percent of them being subrounded. Compositionally this 
arkosic gravel consists of 60 percent feldspar fragments, 20 
percent quartz fragments, 5 percent biotite, and 15 percent 
granitic lithic fragments.
The gravelly, muddy, medium sand is very poorly sorted 
and contains 20 percent gravel size, 60 percent sand size, and 
20 percent clay size material that usually consists of 30 percent 
granitic lithic clasts, 20 percent feldspar fragments, 40 per­
cent quartz fragments, and 10 percent other lithic fragments. 
Most of the clasts are subrounded to subangular and show very 
poor sphericity.
These units are texturally heterogeneous and do not show 
observable bedding features. Caliche and other calcium car­
bonate-clay concretions extend to a depth of at least two meteis. 
The upper weathered zone contains clasts with weathering rinds 
and clay coatings. Often, this upper zone is slightly stained 
with iron-oxide that was weathered from the detrital biotite 
and hornblende.
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The younger alluvial fan deposits are pale yellowish 
brown to moderate yellowish brown, very coarse-grained, sandy 
gravel and sandy, pebbly gravel. By estimating the grain size 
parameters, the very coarse, sandy gravel consists of 50 percent 
gravel size, 45 percent sand size, and less than 5 percent clay 
size material. Compositionally, this sandy gravel contains 
40 percent feldspar fragments, 30 percent quartz fragments,
20 percent granitic lithic fragments, 5 percent biotite flakes, 
and 5 percent other lithic fragments. The degree of sorting 
is very poor and 80 percent of the clasts or angular to sub- 
angular with 20 percent being subrounded. Material from this 
younger alluvial fan deposit is being taken from a borrow pit 
in the western field area.
The sandy, pebbly gravel is exposed in another borrow 
pit in the eastern field area north of Brunswick Substation. 
Using field estimates, this deposit contains 80 percent gravel 
size, 18 percent sand size, and less than 2 percent clay size 
material. Technically classed as a sandy, medium pebble gravel 
being very poorly sorted, this deposit contains 20 percent 
crystal tuff, 30 percent welded tuff, 30 percent meta-andesite, 
10 percent basalt, and 10 percent other lithic fragments. 
Approximately 50 percent of the clasts are subrounded and 40 
percent are subangular with 10 percent being angular.
Generally, these deposits have very poorly developed 
bedding features which, on occasion, show cross-bedding intei- 
layered with thin beds. Weathering characteristics that extend 
to depths of two to three meters are illustrated by caliche
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and clay along cracks and fractures with minor iron-oxide stain­
ing. Calcareous concretions are present in the deposits exposed 
in the western borrow pit northeast of the Eagle Valley Childrens 
Foundation. These concretions are usually 2 to 5 milimeters in 
diameter and 5 to 10 centimeters long. They are honeycombed 
in texture and appear to have formed along old root channels.
The younger alluvium and alluvial fan deposits are 
dissected by intermittent drainages to a maximum depth of 4 to 
5 meters. Along a few channels, in the western field area, 
very low, subdued, elevated surfaces surround Lone Mountain.
These surfaces infer approximately 2 meters of erosion and 
dissection.
diagnostic features
The younger alluvium and alluvial fan deposits can be 
recognized by: (1) the one to two meter thick caliche zone 
near the surface (2) the relative topographic positions, and 
(3) the heterogeneous texture of coarse-grained sand and sandy 
gravel.
• a&e
The relative age of these unconsolidated sediments is 
tentatively proposed as post-lake deposit. However, a con­
temporaneous relationship between these two sedimentary environ­
ments may have existed. This would give a relative age to 
these deposits that is equivalent to the lake deposits; that 
is, late Pleistocene or early Holocene Epochs.
thickness
Very uncertain correlation of the younger alluvium with
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the well logs in Appendix D infer that this unit may be 10 
to 30 meters thick north of U.S. Highway 50 and may thicken to 
60 or 80 meters just south of the highway. Units mapped as 
younger alluvial fan deposits probably do not exceed 30 meters 
in thickness, however, this speculation cannot be substantiated 
by the well log data.
youngest alluvium: Qa2 and alluvial fan deposits: Qaf2
general features
Unconsolidated sediments identified on the geologic, map 
(plate 1) as youngest alluvium or alluvial fan deposits form 
the remainder of alluvium around Carson City. Although the 
youngest alluvial fan deposits are associated with the youngest 
alluvium, the fans are slightly coarser in texture than the 
alluvium, much in the same manner as the previously described 
younger alluvium and alluvial fans. The youngest alluvium 
occurs in the western portion of the field area and is found 
in the lowest, flattest topography. The youngest alluvial 
fans locally flank the bedrock areas around Duck Hill; having 
inclined surfaces and a typical fan shape.
field description
The youngest alluvium is usually pinkish gray to dusky 
yellow and varies in composition from a fine-grained silt to 
a silty, fine to medium-grained sand. Using field estimates, 
the fine silt consists of 5 percent sand size, 80 percent silt 
size, and 15 percent clay size material. The silt is textuially 
submature and most of the sand size grain are rounded to sub- 
rounded quartz. The plasticity is estimated to be low.
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The silty sand consists of 80 percent sand size, 15 
percent silt size, and less than 5 percent clay size material, 
phis silty, subarkosic sand is texturally submature. Nearly 
all of the grains are angular to subangular in shape.
The alluvium is texturally homogeneous, very loose, 
and lacks any bedding features. The alluvial fan deposits 
are somewhat more heterogeneous and contain up to 20 percent 
gravel size material. The composition of the alluvial fans 
vary with each of the differing source areas. Little or 
no weathering characteristics are present in either the 
youngest alluvium or the alluvial fan deposits. The deepest 
soil observed was less than 18 centimeters thick and is lack­
ing any "B-horizon". Therefore, these deposits are fresh on 
a relative weathering scale. Little or no erosional dissection 
of these loose, unconsolidated deposits is present. The 
few drainages present are usually less than a meter deep.
diagnostic features
Diagnostically, the youngest alluvium and alluvial 
fan deposits are: (1) texturally homogeneous, (2) very loose, 
unconsolidated, and (3) fresh or unweathered.
age
The lack of weathering and the loose, unconsolidated 
nature of these alluvial deposits indicates a very young geo­
logic age. Clearly, they are the youngest of the alluvial 
deposits described. The characteristics of recent deposition 
supports the tentative assignment of the youngest alluvium 
to the Holocene Epoch (approximately, the last 10,000 years).
64
Landform characteristics, observed both in the field and by- 
aerial photographs, infer that the alluvial fan deposits 
are slightly younger than the alluvium, but this only in­
dicates a relative age position.
thickness
Due to lack of any appreciable erosional dissection, 
an estimate of the thickness of the youngest alluvium and 
alluvial fan deposits is difficult. Very poor, uncertain 
correlation with the well logs in Appendix D infers that 
the average depth of the youngest alluvium may be in the range 
of 10 to 20 meters and could be as thick as 50 meters. The 
speculated thickness of the alluvial fans is probably in the 
range of less than 30 meters.
recent dcposits: wind-blown sand:_Qs, colluvium:__Qc, and
landslide debris: Qls
The units shown as recent deposits have quite differ­
ing characteristics. The wind-blown sand is very pale orange 
to pale yellowish orange, medium-grained arkosic sand that 
is texturally homogeneous. The individual sand grains are 
frosted due to mid-air impact with other sand grains while 
being transported. These deposits are very loose, super­
ficial, and probably migrate locally due to changes in the 
predominant wind direction.
The colluvium consists of a mixture of 40 percent 
gravel size or larger angular grandiorite fragments and 60 
Percent weathered, granitic sand. These deposits are usually 
very pale orange, medium to coarse-grained grus and grano- 
diorite clasts that have sluffed down from steep slopes due
to gravity and rain water transport. The heterogeneous 
texture and the loose nature are characteristic features of 
the colluvium.
The landslide debris is located near the map grid 
coordinates of 4 344 000N and 267 000E. Although easier to 
identify from aerial photographs, these deposits can be 
recognized in the field by the hummocky irregular, slightly 
concave surface. Compositionally, the debris consist of 
30 percent angular boulder size clasts of metavolcanic rocks 
with 20 percent, angular to subangular gravel size clasts of 
rhyolite tuff in a matrix of 40 percent clay and 10 percent 
medium sand. Due to the heterogeneous nature, no color pre­
dominates; however, the soil forms a light brown (5 YR 5/6) 
background to the clasts.
The fresh features, lack of weathering, and general 
positions are characteristic of deposits with a very young 
geologic age. Therefore; the recent deposits probably post­
date the youngest alluvium and alluvial fan deposits. This 
relative age assignment would correspond to a tentative age 
of the late Holocene Epoch.
Local Geologic Structure 
Foliation
Foliation is a structural fabric seen in the meta- 
sedimentary rocks. Megascopically, it is the most readily 
recognized metamorphic structure in the field area. The 
micaceous schists are the most obviously foliated; showing
65
66
fissle parting along the foliation planes. Foliation in the 
metavolcanic rocks can be seen by ”a dimensional orientation 
of flattened rock fragments” (Zones, 1958, p. 35) in the 
meta-volcanic breccia.
In general, the megascopic foliation has a northeast 
trend and dips from 20 degrees in the northwestern area of 
metamorphic rock to 85 degrees in the southeastern portion.
Zones (1958, p. 36) noted that the foliation dips steeply 
to the north near the northeast-trending faults.
In Zones (1958, p. 61-77) study of the microscopic 
fabric of the metamorphic rocks, S-tectonites are described 
as resulting from slip along the northeast-trending foliation 
planes. This foliation was impressed on a pre-existing 
northwest-trending lineation (Zones, 1958, p. 51).
Lineation
Lineation is primarily seen in the metamorphic rocks 
and very locally occurs in the plutonic and volcanic rocks. 
Zones (1958, p. 38-45) describes seven features of lineation 
in the metamorphic rocks: (1) parallelism of flattened rock 
fragments, (2) parallel orientation of inequant minerals,
(3) streaks of tabular minerals, (4) crinkling of the foliation 
plane, (5) boundinage, (6) fold mullions or bedding mullions, 
and (7) fold axes. Generally, these seven lineation features 
have a common north-northwest orientation. The lineation 
resulted from the low-rank regional metamorphism that folded 
and deformed the rocks about a northwest axis (Zones, 1958,
P. 78).
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Lmeation in the plutonic rocks occurs along the 
granodiorite and amphibolite contact on Duck Hill. The 
lineation is defined by a parallel orientation of the horn­
blende and plagioclase crystals in the granodiorite. Gener­
ally. the predominant long-axis orientation of these mineral 
is subparallel to the contact trend.
Occasionally, lineation is seen in the volcanic 
rocks by a preferred orientation of feldspar phenocrysts in the 
vitrophyric andesite and the basalt. The welded tuff fragments 
have a lineation due to the nearly horizontal flattening during 
the consolidation and cooling stages.
Jointing
In the metamorphic rocks, Zones (1958, p 55-60) recognized 
five sets of joints. The most prominent set is open, smooth 
walled and oriented nearly perpendicular to both the north­
west-trending lineation and the northeast-trending foliation. 
Other sets are synietrically oriented to the lineation, which 
bisects their angle of intersection. According to Zones (1958, 
p. 59), the bisected angle is acute in the fissile schists, 
but obtuse in the more massive rocks. Locally, longitudinal 
joints are developed parallel to the lineation and foliation.
Jointing in the plutonic rocks, namely granodiorite, 
is strongly developed along two orthogonal planes with a poorly 
developed third plane nearly perpendicular to the orthogonal 
set. Although a statistical trend cannot be developed from 
the 40 field measurements taken, a generalized northeast and 
west-northwest predominence of near vertical joint sets is
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shown on plate 1, the geologic map. Low clipping (20 to 40 
degrees) joints appear to have a general north-northwest 
trend. Usually, both these trends are also shown by the ori­
entation of the aplite dikes in the granodiorite.
A statistical model of the joint pattern in the volcanic 
rocks cannot be developed from the 30 field measurements taken 
because of the small sample population. However, general 
patterns can be observed from the joint attitudes shown on plate 
1. A predominant northerly trend of vertical and near-vertical 
joints is shown in the Duck Hill area. North of the Carson 
airport, the Hartford Hill Rhyolite Tuff has a general north­
west-northeast trend of joint sets. Rare poorly developed, 
vertical, columnar jointing is present along the borders of 
the basalt flow. This is best seen in the field near map grid 
coordinates 4343000N and 265350E.
Faulting
Faults in the Carson City area are grouped into four 
main categories: (1) those faults which parallel the north­
east trend of foliation, (2) arcuate faults overlapping in a 
staggered fashion which is parallel to the northeast trend of 
foliation (en echelon faults), (3) north-northeast trending 
faults, and (4) minor northeast and northwest trending faults. 
These categories were established by observing the fault p>atterns 
shown on the geologic map (plate 1).
Faults that parallel the northeast trend of metamorphic 
foliation occur mainly along a zone 200 meters wide that 
crosses U. S. Highway 395 near Ruby Lane and continues 4.8
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kilometers northeast, crossing Goni Road and continuing off 
the mapped area. This zone is defined by several parallel 
faults which have a vertical attitude with a down-thrown side 
to the southeast. The individual faults arc characterized by 
a crushed and sheared zone 0.3 to 3 meters wide. Although 
lateral movement features, such as slickensides, were not 
observed, the vertical attitude of the faults and the develop­
ment of fault breccia over a wide zone are characteristic of 
faults with horizontal lateral movement (Moody and Hill, 1956, 
p. 1214) , Stream offsets seen on the aerial photographs and 
a possible displacement of amphibolite suggest that the horizon­
tal movement was left-lateral. Topographic expression of these 
faults show dip-slip as well as strike-slip movement. The 
maximum vertical displacement, on a single fault within this 
zone varies from 3 to 7 meters. The vertical displacement 
measures movement since the quaternary period. If the amphibo­
lite displacement is valid, then a total of 600 meters of hori­
zontal, left-lateral movement has occurred along this zone.
The horizontal displacement measures movement over a much 
longer period than shown by the vertical movement. The fact 
that the Hartford Hill Rhyolite Tuff is not appreciably displaced 
and also overlies the displaced amphibolite, suggests most of 
the 600 meters of horizontal movement probably occurred before 
the Tertiary Period volcanism.
The youngest deposits which these faults clearly displace 
are the older alluvial fan deposits. An inferred displacement 
of youngest alluvium is seen near the southeastern end of this
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fault zone. Therefore, these faults may have had movement
during the Holocene Epoch and surely moved during the Pleistocene
Epoch.
A speculative lineament or fault zone crosses U. S. High­
way 395 approximately 2000 meters north of the U. S. Highway 
50 and 395 intersection. Although there is no physical trace 
of this northeast-trending lineament on the ground, a dark, 
discolored, linear zone can be seen on high altitude black and 
white, color, and color-infrared aerial photographs. This 
discolored zone is several kilometers in length to the south­
west of the highway. Northeast of the highway, it continues 
for 1800 meters until the linear contact between the chiastolite 
slate and the fine-grained schists is exposed; beyond this con­
tact, the lineament cannot be seen. Before this lineament, 
could be classed as a fault, trenching, detailed mapping, and 
geophysical work is required.
Other faults which parallel the northeast foliation are:
(1) a 1000 meter long fault that trends northeast past the 
Corbett School and (2) a 1300 meter long fault that crosses 
U. S. Highway 50 near Rand Avenue. Both of these faults are 
in urbanized areas and their detailed features have been 
obscured by grading, paving, and landscaping. However, the 
fact that the youngest alluvium is vertically displaced approxi­
mately two meters attests to movement during the Holocene Epoch.
The second category of faults is characterized by a seiies 
°f en echelon scarps near New Empire. The pattern of faults 
near New Empire suggest a horizontal or oblique-slip bediock
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movement that is parallel to the northeast trend of metamorphi 
foliation. In addition to the arcuate shape of the faults, 
the down-thrown blocks are consistently on the southeast side 
of the faults which may also indicate oblique-slip movement. 
This type of bedrock movement and the associated alluvial re­
sponse is shown in figure 5 below:
Figure 5: Alluvial Expression of Oblique-Slip Faulting
E X P L A N A T I O N
A = relative direction of left-lateral, strike-slip movement 
B = relative direction of dip-slip movement 
C = resultant oblique-slip displacement 
U = up-thrown side of the EN ECHELON fault scarps 
D = reatively down-thrown side
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Where A is the relative direction of left-lateral, strike- 
slip movement, B is the relative direction of dip-slip movement 
and C represents the resultant oblique-slip displacement. Also,
U is the up-thrown side of the en echelon fault scarps and D 
is the reatively down-thrown side. Compare this pattern with 
the arculate faults near New Empire on plate 1, the geologic 
map.
Again, many of the details of the en echelon faults 
have been obscured by urbanization but some of the more prominent 
fault scarps show vertical displacements of the younger alluvium 
in the range of 3 meters.
The total vertical displacement of the bedrock in the 
area parallel to U. S. Highway 50 can only be suggested by the 
well log data in Appendix D. Of particular importance are 
well log numbers 37, 38, 39, 40, 44, and 45 which indicate a 
relatively thick sequence of alluvium south of U. S. Highway 
50 and well log numbers 27, 29, 31, 32 and 35 which show a thin 
alluvial cover north of the highway. Summarizing these logs, 
the total thickness of the alluvium north of U. S. Highway 50 
varies from less than 50 meters to more than 80 meters just 
south of the highway. This relatively thin alluvial cover 
thickens abruptly from approximately 80 meters to more than 
160 meters near the prison facilities. This model of the bed­
rock configuration can be best visualized by looking at cross- 
section A-A' on plate 1, the geologic map, and the approximate 
depth-to-bedrock contours on plate 2, the physical properties 
map.
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By considering the en echelon fault pattern near New 
Empire, the northeast trending faults near the Corbett School 
and Rand Avenue, and the inferred vertical displacement of the 
bedrock from the well logs, a wide, significant, active fault 
zone is speculated. This fault zone has the following character­
istics: (1) it is parallel to the northeast-trending meta-
morphic foliation and the sub-parellel to U. S. Highway 50,
(2) the total length is at least 6 kilometers starting near the 
center of Carson City and trending northeast past the Brunswick 
Substation, (3) the total vertical bedrock displacement may be 
in the range of 100 meters, (4) Holocene age alluvium is dis­
placed 2 to 3 meters vertically, (5) the fault patterns near 
New Empire suggest left-lateral, oblique-slip movement, and 
(6) a 900 meter wide zone is affected by this major bedrock 
fault zone.
The third category of faults are those with a north- 
northeast trend. These faults occur in the area between the 
major fault zone along U. S. Higlway 50 and the northeast­
trending fault zone north of Indian Mountain. Also, south 
of U. S. Highway 50 the predominant trend of the faults is 
north-northeast. These faults either end abruptly or curve 
more northeast into the speculated fault zone along U. S. High­
way 50. Most of the third category faults have the down-thrown 
side on the east; south of the field area some north-northeast 
faults show a western down-thrown side (Moore, 1969, pi. 1).
In the field area, one of the most continuous north trending 
faults starts with a northeast trend near the golf course,
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turns north near Rand Avenue and continues north past the Carson 
Airport. This fault has the greatest vertical displacement; 
which varies from 8 meters near Rand Avenue to 2 meters north 
of the Carson Airport. Younger alluvium is definitely dis­
placed; therefore, movement along this fault probably occurred 
during the late Pleistocene to early Holocene Epochs.
The fourth category of faults are those with a north­
east or northwest orientation and a relatively short length. 
These faults occur mainly in the bedrock areas of granodiorite 
and the overlying rhyolite tuff. Their nature is only vaguely 
known because most of these faults have been inferred from 
the low sun-angle aerial photographs. The fault scarps 
are very subdued and none of the faults displace bedrock out­
crops. However, this same northwest and northeast pattern is 
seen in faults that cut the younger alluvial fan deposits at 
the State Sandpit east of Lakeview Summit. These faults dip 
75 to 85 degrees from horizontal and show a maximum vertical 
displacement of 6 meters. Generally, they are less than 30 
centimeters wide; consisting of thin parallel shear zones 
lined with clay and finely pulverized rock material. The 
northwest and northeast trending faults most likely follow 
planes of weakness developed by the granitic joint pattern.
This may explain their relatively short length and their 
parallelism to the aplite dikes. An age relationship of fault­
ing in the bedrock areas cannot be determined because of the 
lack of dateable offsets. However, the faults in the State 
Sandpit do indicate that some movement occurred as recent as
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the late Pleistocene or early Holocene Epoch because younger 
alluvial fan deposits are displaced.
One feature which is probably related to faulting is 
the Carson Hot Springs; however, this association cannot be 
explained. There is no apparent surface expression of faulting 
near the hot springs; yet, faults, are known to be the control­
ling channel for other nearby hot springs (Moore, 1969, p. 15). 
Perhaps an older fault zone is covered by younger alluvium 
and hot spring deposits.
Local Seismicity
Local seismicity is defined for this study as the earth­
quake activity within a 100 kilometer radius of the center of 
Carson City. Original work on the local seismicity is beyond 
the scope of this investigation; therefore, a recent seismolog- 
ical and seismic response study by Douglas and Ryall (1973) 
is adopted as a base study for Carson City. Their investigation 
was specifically for the State of Nevada office building site 
at North Valley and East King Streets. This location is 
considered to be the approximate center of Carson City. The 
summary of results of the study by Douglas and Ryall follows:
"1. During the historic period, eleven earthquakes with 
MiL6 1/2 have occurred in the western Basin and 
Range region, and no two of these were in the 
same fault zone. A typical large earthquake in 
this region has magnitude about 7 1/4, and is 
associated with faulting in a zone 20 to 40 miles 
in length. The return period for an earthquake 
with M>7 within 100 km of a site in western Nev­
ada is about 75 years on the average, but can be 
less than 20 years for a site within a zone of 
high activity. Within 30 km of an average western 
Nevada site, an earthquake with M=5 1/2 would be
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expected to recur about once in 40-60 years, 
but would occur much more frequently in an area 
of high seismicity. A recent study indicates 
that the Reno-Carson City area has relatively 
high potential for seismic activity in the near 
future.
2. Over the two-year period, 1970-71, 116 earthquakes 
with M greater than about 1 1/2 have been located 
within 100 km of the site. The earthquakes do not 
line up along specific faults, but are rather 
evenly distributed in an area east of the Tahoe 
and Mohawk Valley fault zones. Earthquakes are 
now occurring in and to the southeast of Carson 
City, in an area which was not active from 1940
to 1969. This again suggests that the Carson City 
area has relatively high seismic potential for the 
near future.
3. Based on these results, and those of the geologic 
investigation, the maximum credible for this Project 
would be an earthquake with M=7 1/4, located
on a fault within two miles of the site; and a 
magnitude 5 1/2 event centered 12 miles from the 
site should be used as the event with return 
period of 30 years.
4. The maximum credible earthquake would be associated 
with maximum bedrock acceleration of 0.64 g, pre­
dominant period of 0.3 second, and 30 seconds of 
strong shaking. The 30-year return earthquake 
would have maximum bedrock acceleration of 0.12-
0.19 g, predominant period of 0.14-0.22 second, 
and 6 seconds of strong motion."
The bedrock response parameters given by Douglas and 
Ryail (1973) in paragraph 4 above apply specifically to the 
site investigated. For other sites within the Carson City 
area, the reported parameters would be different and new 
determinations are required. Nevertheless, the first three 
conclusions in paragraphs 1, 2, and 3 apply to any site around 
Carson City.
P H Y S I C A L  P R O P E R T I E S
GENERAL
The distinction between rock and soil is vague, particu­
larly when engineers, geologists, or persons with non-technical 
backgrounds define the same material. Terzaghi and Peck (1967, 
p. 4) demonstrate the above concept by stating:
"Soil is an aggregate of mineral grains that can be 
separated by such gentle means as agitation in 
water. Rock, on the other hand, is a natural aggre­
gate of minerals connected by strong and permanent 
cohesive forces. Since the terms 'strong' and 'per­
manent' are subject to different interpretations, the 
boundary between soil and rock is necessarily an 
arbitrary one".
Therefore, the term consolidated deposits will be used to 
define those rocks that comprise the bedrock; that is, the 
metamorphic, plutonic, and volcanic rocks. The unconsolidated 
deposits are defined as the alluvium, soil, and other super­
ficial deposits.
CONSOLIDATED DEPOSITS
The consolidated deposits are subdivided according to 
their relative point-load strengths. These divisions are 
further subdivided into five arbitrary units using differences 
in the spacing of discontinuities within the rock mass. For 
two rock units, the meta-andesite and the crystal rhyolite 
tuff, point-load tests were performed on core specimens 2.54 
centimeters in diameter and approximately 6.5 centimeters 
long. For the remainder of the rock units tested, irregular, 
fist-size specimens were used. The point-load testing apparatus 
is manufactured by Engineering Laboratory Equip., Ltd. and
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ava i lab le  from Structural Behavior Engineering Laboratories, 
Inc., Pheonix, Arizona, 85020. The results of the point-load 
test are shown in Table 1 below:
Table 1: Point-load Strength
Rock Unit Point-load Strength (lbs/in^)
basalt: Qb 2600 + 25%
vitrophyric andesite: Tva 2600 + 2 9%
crystal rhyolite tuff: Thr 800 + 35%
welded rhyolite tuff: Thw 900 + 50%
rhyolite tuff breccia: Thb (not tested)
aplite dikes: Kap (not tested)
granodiorite: Kg 1000 + 23%
meta-andesite: Ma 2200 + 2 8%
meta-volcanic breccia: Mb (not tested)
mica schist and chlorite schist: Me 1400 + 39%
high-grade calc-schist:: Md (not tested)
chiastolite slate: Me 1900 + 21%
slates, phillites, and 
schists: Mf
fine-grained 1700 ± 36%
quartz-albite schist: Mg 1600 + 45%
amphibolite: Mh 2600 + 26%
? 2 1 lb/in equals 703 kilograms/meter
Ten specimens each of the meta-andesite and crystal 
rhyolite tuff were tested with the loading applied midway 
along the length of the core. Approximately 25 to 35 irregular­
shaped specimens per rock unit were tested with the loading 
applied along a line through their approximate center of gravity. 
The data from table 1 are given limits of relative strength 
as defined in Appendix E, physical property terms.
The description of the discontinuities and degree of 
weathering are summarized from the rock descriptions.
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Using the recommended limits in Appendix E, an estimate 
of the mass permeability is made from the joint patterns.
This estimate assumes joints allow the passage of water.
The topography, erodibility, ease of excavation, and 
possible use are subjectively estimated from: (1) the field 
relationships and (2) the writer’s experience with rock's 
characteristics.
Extremely Strong, Very Closely to Moderately Jointed Rocks: Cl
These rocks are the extensive basalt flows in the eastern 
field area and the localized vitrophyric andesite flows in the 
western field area. The very closely-spaced to moderately 
widely-spaced joints or fractures suggest a moderate perm­
eability. The recency of these volcanic flows determines the 
slightly weathered condition. Little or no soil is developed 
causing a high runoff potential.
The joint or fracture spacing and the relative strength 
indicates these rocks are not easily eroded and should be very 
difficult to excavate. The cinder cone source-area for the 
basalt flow is several kilometers north of the field area.
The cinders are quarried and used for roofing material and 
decorative stone. No other significant cinder occurrences 
are present in the field area. Road base is a possible use of 
these rocks; however, the relative strength would probably 
preclude economical crushing.
Within this unit, several large areas of loose, rocky 
talus occur in the field area near map grid coordinates
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434500ON, 264000E; 4345100N, 265000E; 4344500N, 265100E and on 
Indian Mountain. Generally, the larger talus areas occur on 
the steeper slopes (greater than 17 degrees). Comprised of 
angular rock fragments that range in size from small pebbles 
to boulders, the talus accumulations are generally less than 
5 meters thick at the base of the slope and less than one meter 
thick near the top. Also on Indian Mountain, areas of slope- 
wash and associated soil-creep are seen by the abnormal down- 
slope inclination of the vegetation. The relative down-slope 
movement is probably in the range of less than a few meters.
Extremely Strong, Moderately Widely to Widely Jointed Rocks: C2 
These rocks are the meta-andesite in the eastern field 
area, the meta-andesite, meta-tuff, and the meta-volcanic 
breccia on Lone Mountain, and the amphibolite east of Sugarloaf. 
The general pattern of jointing, moderately widely-spaced to 
widely-spaced, indicates these rocks are only slightly permeable. 
This group of rocks form the most prominent, and generally the 
steepest, terrain which suggests a resistence to erosion and 
weathering not seen in other rocks. The relative strength 
and the joint spacing infers that excavation in this area would 
be difficult and may require drilling and blasting. On the 
steep slopes of the prominent "meta-andesite hill north of New 
Empire, extensive, loose, rocky talus slopes have formed. Gen­
erally, the talus consists of angular rock fragments ranging 
in size from small cobbles to boulders. Locally, small areas 
of slope wash and soil creep are present on the steeper slopes 
of this hill.
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In the vicinity of map grid coordinates 4343700N, 261500E 
smooth, open, planar joints in the amphibolite are sub-parallel 
to the slope of the hill. This dip-slope jointing pattern is 
similar to joint attitudes seen in meta-andesite above three 
landslides in the eastern field area. These landslides may have 
formed by a planar block that glided down-slope and soon broke 
up into smaller fragments, and then took on the aspects of a 
semi-fluid flow. This concept can be illustrated by a sequence 
of sketches shown in figure 6. Smooth, open joint patterns 
in outcrops of the meta-andesite suggest the orientation of 
possible failure planes parallel to the slope of the hill.
Initial dislodging of the meta-andesite block may have been due 
to earthquake ground motion; then gravity caused continued 
movement down the slope. Other reasons that would cause movement, 
such as removal of the underlying support by undercutting stream 
erosion, cannot be used in this case because the slides started 
nearly 100 meters higher than the intermittent stream drainage 
and the debris lacks any continuity from the drainage to the 
landslide source. It is possible that increased pore pressure 
from water in the joint planes could reduce the joint shear 
resistance and permit movement. However, this would require a 
much wetter climate than probably existed at the time of the 
landslide. The failure planes described above have, essentially, 
the same orientation, spacing and smoothness as potential failure 
planes in the amphibolite east of Sugarloaf.
Very Strong. Very Closely to Widely Jointed Rocks: C3
This unit is comprised of the remainder of metamorphic
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I N I T I A L  S T A G E :  D I S L O D G E D  B Y  E A R T H Q U A K E  G R O U N D  M O T I O N
F I N A L  S T A G E :  P R E S E N T  F O R M
figure 6 s I .and s 1 ide Me chanism
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rocks; that is, chiastolite slate, high-grade calc-schist, 
mica and chlorite schists, slates, phyllites, and fine-grained 
schists, and quartz-albite schist. These rocks are found in 
the low rolling hills northwest of the Carson airport. The 
foliated (usually fissile) fabric, the very closely-spaced 
to widely-spaced jointing and the nearly complete degree of 
weathering suggest a moderate permeability and a relative ease 
of erosion for this unit. Because of the complete degree of 
weathering and the fissile nature, these schists are excavated 
fairly easily. It should be noted, the relative strength is 
greatest in a direction normal to the plane of foliation and 
least in a parallel direction to the foliation. In the field, 
this means excavations parallel to the northeast-trending 
foliation are considerably easier than those normal to the 
foliation.
Weak, Widely to Very Widely Jointed Roclcs: C4
This unit contains one rock type, granodiorite and the 
minor textural variation, porphyritic granodiorite. The fresh, 
unweathered granodiorite has a slightly higher point load 
strength than the rhyolite tuff. However, the majority of 
the granodiorite, at least to depths of 30 meters, is moderately 
to highly weathered. Consequently, the point load strength 
would be consic.eraoly lower than the reported value in table 1. 
Therefore, the relative field strength of the granodiorite is 
less than the rhyolite tuff. Generally, the C4 unit occurs on 
the south-southeastern side of Duck Hill in rounded, fairly
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steep, hilly terrain. Judging from the widely-spaced to very 
widely-spaced jointing pattern, the C4 unit is only slightly 
permeable. The degree of weathering, which extends to depth of 
30 meters or more in places, has decomposed the granodiorite 
so it is easily eroded and excavated. Evidence of sheet wash 
with rill marks is seen on the steeper slopes. Most of the road 
cut-banks are holding at a slope of 20 to 25 degrees; however, 
one cut-bank in a sand pit (decomposed granodiorite) east of 
the Lakeview interchange is sloughing at a slope of 28 degrees.
On the steeper slopes various signs of instability are 
seen in the granodiorite. In the field, near map grid coordi­
nates 4345700N, 262800E; 4343500N, 249300E and 4343500N, 260500E 
slope wash and soil creep are present. This very slow movement 
of the upper one to two meters of weathered rock and soil occurs 
mainly on the steeper slopes, usually 17 to 30 degrees. The 
relative down-slope movement is probably less than a few meters.
In the vicinity of map grid coordinates 4343500N, 260500E 
one plane of the orthogonal joint set is nearly parallel to the 
slope of the steep hill. . Although the joint surfaces are much 
rougher than those seen in the other landslide or potential 
landslide area, the shear strength of the weathered joint walls 
in the granodiorite is probably considerably less than the 
previously described landslide area rocks.
Throughout the C4 unit, the prominent granodiorite outcrops 
form thin, local, talus aprons and contribute material to adjacent 
boulder fields. Most of the boulders vary in size from one 
meter to several meters in diameter and have a fairly rounded 
shape. This shape has enabled them to roll down-slope, at
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distances less than 100 meters, from their outcrop source areas. 
The mechanism for initiating the down-slope movement may have 
been erosion, mass wasting, or ground-shaking from earthquakes.
Weak, Closly to Very Closely Jointed Rocks: C5
The C5 unit consists of the members of the Hartford Hill 
Rhyolite Tuff, namely crystal rhyolite tuff, welded rhyolite 
tuff, and minor amounts of rhyolite tuff breccia. Generally, 
these rocks occur in the rounded, fairly steep terrain on the 
northern side of Duck Hill, in the subdued, rolling hills north 
of the Carson Airport, and in the far eastern portion of the 
field area. Several underground gas and water pipelines have 
traversed this unit indicating that excavation of these rocks 
is fairly easy; probably because of the relatively weak strength 
and close spacing of joints. Most of the rock fragments in the 
spoil piles along the pipelines are fist-size or smaller. The 
depth of soil may be less than one to two meters thick. This 
soil is very rocky; primarily "C-horizon" material that is easily 
eroded. Sheet wash rills are seen on most of the steeper slopes. 
The crystal rhyolite tuff member of unit C5 could possibly 
be used for crushed aggregate in light weight concrete; however, 
additional testing of the chemical and physical properties are 
required before a valid assessment can be made.
On the steeper slopes in the western field area near map 
grid coordinates 4345000N, 260000E and 4345700N, 262500E 
talus has developed below the outcrop areas. The size of the 
talus clasts range from very large pebbles to large cobbles.
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Generally, the average thickness at the base of the talus is 
less than 5 meters with the top thinning to a shallow veneer 
Surrounding the talus deposits are larger areas of possible 
slope instability. These areas are indicated by soil creep 
and slope wash shown by the abnormally inclined vegetation.
For easy reference to and from the Physical Properties 
Map (plate 2) , the various properties of the consolidated 
deposits are presented in a tabular form in Table 2. These 
properties are also summarized in the explanation on plate 2
Table 2. Physical Properties of the Consolidated D e p o s i t s .
Physical
Properties 








Discontinuities Degree of 
Weathering
Cl Qb, Tva extremely
strong
very closely to 
moderately widely 




C 2 Ma, M b , extremely
strong
moderately widely 












C4 Kgd,Kpgd weak to 
very weak
















































































As stated earlier, the unconsolidated deposits are 
defined as alluvium, soil and other superficial deposits. 
Candland (1974) has prepared a comprehensive report on the 
soil types and their physical and chemical properties. There­
fore, the physical properties of the soil will not be discussed; 
however, readers interested in this subject are encouraged to 
review Candland's study. The other superficial deposits are 
further defined as the wind-blown sand and colluvium deposits.
Like the consolidated deposits, the unconsolidated 
deposits are grouped according to their relative strengths; 
however, unlike the strength tests performed on the consolidated 
units, a subjective field assessment of the relative strengths 
of the alluvium is used. Note that strength terms used for 
the unconsolidated deposits are not in any way equivalent to 
similar strength terms used for the consolidated deposits. The 
field assessment parameters for the relative strength of the 
alluvium is shown in Appendix E along with the limits used to 
estimate the permeability.
The weathering characteristics were summarized from the 
rock descriptions.
The other characteristics, such as erodibility, ease of 
excavation and possible use are subjective estimates based on 
the writer's field experience.
Relatively Very Strong Alluvium: U1
The U1 unit consists of a small patch of non-sorted, 
muddy, large pebble gravel exposed north of the Goni Ranch
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ruins. Although this erosional remnant is the only exposure 
in the field area, some of the well logs (numbers 19, 24, 25,
28, and 35) suggest that this gravel is present at depth over 
a large portion of the buried bedrock. Where this muddy 
gravel exposed, it is fairly easily eroded, showing some resistance 
to erosion in the caliche and iron-oxide cemented areas. This 
gravel is only slightly permeable because of the clay content.
The only excavation difficulty would be the removal of the large 
boulders.
Relatively Very Strong to Strong Alluvium: U2
This unit is principally comprised of very poorly sorted, 
sandy, small pebble gravel that border the bedrock areas in the 
central and eastern portions of the field, and very poorly 
sorted, sandy, medium pebble gravel north of the Brunswick 
Substation. Generally, the slightly inclined terrain is 
easily eroded except where caliche has cemented the gravels and 
sand. Likewise, excavation is moderately easy; however, where 
caliche is present a dozer may be required. Excavations do not 
appear to slough readily in these weakly consolidated gravels 
and sands; however, shoring may be required for excavations 
deeper than two meters. The permeability of these deposits is 
judged to be moderate and in some cases the sandy gravels may 
be good aquifers. This is seen in the field by the presence of 
a flowing spring near map grid coordinates 4342100N, 265050E 
and dry spring near 4344400N, 264000E.
The U2 unit is a possible source for sand and gravel.
This commercial use has been partially developed in a gravel
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pit east of Goni Road and north of the Brunswick Substation. 
Other areas which merit detailed appraisal are located in a 
broad, 700 meter wide, band flanking the bedrock area north 
and northeast of the Carson airport. In particular, an area 
1000 meters in diameter, located north of the low hill on the 
eastern end of the airport runway, should be investigated for 
possible sand and gravel resources.
Relatively Strong Alluvium: U3
Unit U3 consists of mature, fine silt in a flat, faulted 
basin north of U. S. Highway 50 between New Empire and the 
Brunswick Substation. These fine silts are judged to be only 
slightly permeable because of the fine-grained texture. A 
representative sample was tested by Howard and Johnson (1973) 
and the following characteristics were reported:
(1) Moisture content 21.1%
(2) Liquid limit 37%
(3) Plastic Index 2
(4) In-Place CBR 20
(5) In-Place Density 72.9 lb/ft
(6) AASHO Classification A- 4
The silt is somewhat consolidated but easily eroded and excavated, 
probably because of the relatively low in-place density.
Relatively Strorg to Weak Alluvium: U4
The U4 unit comprises the largest alluvial area and con­
sists of: (1) submature, silty, very fine sand, (2) poorly 
sorted, fine sandy gravel, (3) very poorly sorted, gravelly,
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muddy, medium sand, (4) very poorly sorted, very coarse, sandy 
gravel, and (5) very poorly sorted, sandy, medium pebble gravel. 
The first three members are found in the flat valley floor 
while the gravelly facies comprises the slightly inclined 
alluvial fans flanking the bedrock areas. Generally, both the 
valley alluvium and the alluvial fans are fairly consolidated 
and are slightly cemented to some extent by caliche within the 
upper 6 meters. Regardless of the degree of cementation, 
these deposits are easily eroded and excavated. Open excavations 
tend to cave and slough after a week of exposure; therefore, 
shoring is required for depths of greater than 2 meters.
Most of this material, except the finer, muddy facies, 
appears suitable for subgrade if properly compacted.
Relatively Weak Alluvium: U5
The relatively weak alluvium consists primarily of sub- 
mature, fine silt and silty sand in the western portion of the 
valley areas. These deposits are very loose and generally 
quite moist which indicates a moderate permeability. In some 
areas, the saturated zone is near the surface and water is 
standing in shallow ditches and depressions. One such area is 
a wedge-shaped sector between Hot Springs Road and U. S. High­
way 395. Along U. S. Highway 50 near Rand Avenue the U5 unit 
is also loose, sandy and water saturated. This zone extends 
two kilometers northward along the western side of Lompa Lane., 
From a field assessment only, these areas appear to have a 
high liquefaction potential because of: (1) the cohesionless,
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loose nature of the silty sand, (2) the high degree of water 
saturation, and (3) the relatively uniform grain size of 0.25 
to 0.125 milimeters. Further detailed testing is required to 
determine the true liquefaction potential of these areas.
Due to the loose nature, this unit is very easily eroded 
and excavated. Most excavations deeper than one meter slough 
and cave within a day. Shoring, dressing back the sides, and 
widening the excavation are required for most work.
If properly compacted, the coarser facies of this unit 
would be suitable for subgrade and backfill.
Very Weak Superficial Deposits: U6
Very loose, well sorted, medium sand and loose, non-sorted, 
very large pebble gravel comprise the very weak superficial 
deposits. The loose, wind-blown sand occurs in the field near 
map grid coordinates 4341000N, 266200E; 4342400N, 266100E;
434300ON, 265100E; and 4343500N, 264700E. The loose, non- 
sorted gravel occurs in the vicinity of coordinates 4345300N, 
263300E; 4343300N, 260200E, and 4343100N, 259300E. Both the 
sand and the gravel slough immediately after excavation; therefore, 
require special shoring or retaining.
The physical properties of the alluvium are summarized 
in table 3 to assist the reader in reviewing plate 2, the 
physical properties map.














U1 Qpg very strong slightly weathered slightlypermeable
U 2 Qof1Qaf1 very strong to strong
slightly weathered moderately
permeable
U3 Qld strong slightly weathered slightlypermeable
U 4 Qa1,Qa£1 strong to weak
slightly weathered slightly
permeable
U 5 Qa2,Qa£2 weak fresh slightly tomoderately
permeable
U 6 Qs, Qc very weak fresh moderately permeable















U 2 slightly inclined to flat; easily 
eroded
moderately easy; 
dozer may be 
required
sand and gravel 
source
U3 flat basin; easily eroded
easy - -
U4 flat valley floor or slightly 
inclined alluvial 
fans; very easily 
eroded
very easy subgrade if prop­
erly compacted
U 5 flat valley floor or inclined 
alluvial fans, very 
easily eroded
very easy subgrade if prop­
erly compacted
U 6 varied; very easily eroded
very easy - -
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FAULT ACTIVITY
In areas with high earthquake activity, the potenti^1 
for surface faulting through a proposed site may be the most 
critical geologic hazard. Therefore, it is important to 
identify those faults which have the greatest tendency for 
future movement and ground rupture. Faults having the highest 
potential for movement are called tentatively active faults. 
The classification of fault activity recognized in the Carson
City area is illustrated in Table 4 below:





tent.at ively 1. faults displace 1. Trenching, geophysics
active youngest alluvium and detailed mapping.
2. fault scarps are 2. Radiometric age
prominent and dating.
continuous 3. Paleomagnetic studies
3. fault scarps may show to determine age of
several periods of 
movement
faulting.
potentially 1. faults not known to 1. Trenching, geophysics
active displace youngest locate faults.
alluvium but offset 2. Relative age
older alluvium dating.
2. fault scarps are 3. Time interval and
subdued, eroded and frequency of movement
discontinuous studies.
3. only one period of 
movement is suspected.
inactive 1. fault does not offset 
alluvium.
none
2. fault trace indistinct; 
short, trace.
activity 1. fault does not displace Further studies
unknown dateable deposits. required if faults
2. fault trace indistinct traverse future areas
discontinuous of development.
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The faults tentatively classified as active axe associated 
with the first two categories of faults described in the 
structure section of the local geology. Recalling, these are:
(1) faults which are parallel the northeast trend of metamorphic 
foliation near Indian Mountain, the Corbett School, and Rand 
Avenue and (2) arcuate faults overlapping in a staggered, en 
echelon fashion near New Empire. In addition, the prominent 
north-northeast trending fault west of the Carson airport is 
also tentatively classed as active. These faults are shown as 
the heavy black lines on plate 2, the physical properties map.
The potentially active faults are those primarily asso­
ciated with the third category of faults previously described 
in the geology section; that is, the north-northeast trending 
faults between the major northeast-trending fault zone parallel 
to 1J. S. Highway 50 and the fault zone near Indian Mountain. The 
potentially active faults are shown on plate 2 as the inter­
mediate strength lines.
The inactive faults and faults with an unknown activity 
are basically the fourth category faults; that is, the minor 
northeast or northwest trending faults. This level of activity 
is illustrated on plate 2 by the thin lines.
All of the fault traces shown on plates 1 and 2 have been 
located by aerial photograph interpretation and field inspection. 
This is sufficient to locate their general position; however, 
detailed trenching, mapping and geophysical studies are required 
to locate the exact trace of the various ruptures. For this 
reason, these maps can be used only as a guide for additional
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studies and cannot be substituted for detailed site investiga­
tions of active faulting.
SUBSURFACE DATA
The subsurface data shown on plate 2, the physical 
properties map, is derived from two sources: (1) the 47 well 
logs summarized in Appendix D, and (2) a hydrologic study by 
Worts and Malmberg (19 66) .
The well logs' approximate locations are plotted on 
plate 2; however, these locations are accurate only to a 
quarter of a quarter section and may be up to 300 meters in 
error. Several summarized well logs are located outside of the 
map area; these are: well numbers 1, 38, 39, 44, 45, and 47. 
Although off the map area, these logs are critical to the inter­
pretation of the bedrock configuration and the nature of the 
alluvium. The summarized logs are a poor substitute for the 
actual logs, but log numbers are provided for easy reference 
to the complete logs filed with the Nevada Water Resource 
Division, Carson City or the Desert Research Institute, Univer­
sity of Nevada, Reno. The main purpose of the well log locations 
on plate 2 is to show the general position of the deeper wells 
in the Carson City area and provide control for the depth-to- 
bedrock contours.
In general, the depth-to-bedrock contours on plate 2 
show a plateau-like bedrock surface covered with less than 50 
meters of alluvium in an area bounded by: (1) U. S. Highway 
395 on the west, (2) U. S. Highway 50 on the southeast, and
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(3) the exposed bedrock areas to the north. This plateau is 
somewhat irregular, with high areas forming Lone Mountain and 
a small hill east of the airport. A low trough, at least 42 
meters deep, is located beneath the Carson airport.
West of U. S. Highway 395, a basin approximately 130 
meters deep is shown by well numbers 21 and 22.
South of U. S. Highway 50 the depth-to-bedrock contours 
rapidly increase from 80 meters along the highway to more than 
150 meters near the sewer treatment plant. Towards the west and 
south of 5th Street, well number 45 is 288 meters deep and 
still in alluvium. Near the intersection of U. S. Highways 
395 and 50, well number 43 intersected bedrock at 80 meters.
The depths to the water table, shown on plate 2, are the 
average depth to the saturated zone as of 1964 (Worts and 
Malmberg, 1966, fig. 5). Seasonal fluctuations and well pump­
ing has changed these levels since 1964; however, plate 2 
still shows the general pattern of the ground water surface.
LIMITATIONS OF DATA
The physical properties are investigated in a general, 
and sometimes, subjective manner and plate 2, the physical 
properties map is p>rovided to identify possible problem areas. 
This data cannot be substituted for detailed site investigations 
conducted by engineering firms.
E N V I R O N M E N T A L G E O L O G Y
GENERAL
As stated in the introduction, this section interprets 
the geological and physical data presented in the first two 
sections. In a true sense, this interpretation represents a 
limited study of the environmental geology because only selected 
geologic hazards are discussed. Excluded from a comprehensive 
study of the environmental geology are considerations such as 
water polution, solid waste disposal, and air pollution for 
example. Although these factors are significant in the degre- 
dation of the environment, they would not necessarily cause the 
direct loss of life and property. The consideration of the 
possible loss of life or property is precisely why the following 
geologic hazards are discussed.
GEOLOGIC HAZARDS 
Active Faults
Active faults in the Carson City area are divided into 
faults tentatively active and faults that are potentially active. 
Because trenching, detailed mapping, and geophysical studies 
are required to locate the actual ground rupture and any parallel 
ruptures, broad zones depict the active faults shown on plate 3, 
the geologic hazards map. Generally, the active fault zones 
are located along the southeast side of Sugarloaf near Indian 
Mountain, west of the airport, near the Corbett School, along 
U. S. Highway 50, and clustered around New Empire. The tentatively 
active faults have ruptured within the last 10,000 years.
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Geologically, this is a short interval and future ground 
ruptures can be expected within the active fault zones. The 
potentially active faults may have ruptured within the last 
10,000 years and definitely had displacements within the last 
several 100,000 years. Both the tentatively and potentially 
active fault zones require detailed studies prior to development 
because future destructive ground ruptures may occur in these 
areas. Studies by Slemmons (1972, p. 353) of historic faulting 
in the 1872 Owens Valley, 1915 Pleasant Valley, and the 1954 
Dixie Valley-Fairview Peak earthquake zone demonstrate that 
between 90 and 95 percent of the historic faults followed pre­
vious, pre-historic fault traces.
Bedrock Ground Motion
For a site located on bedrock, the nature of the ground 
motion from earthquake shocks is dependent upon: (1) the 
amplitude, (2) the frequency characteristics, and (3) the 
duration of shaking of the earthquake waves. How these factors 
affect the ground motion is primarily due to the elastic prop­
erties of rock; that is, the ability of the bedrock to recover 
its size and shape after deformation from the earthquake waves. 
By analyzing the records of earthquake recording devices located 
on bedrock, the ground response of future earthquakes can be 
predicted with a fair degree of confidence. One such study con­
ducted by Douglas and Ryall (1973) has predicted bedrock ground 
motions that could cause severe damage to certain structures. 
Because of the relatively small size of the field area, all of 
northern Carson City could be influenced by damaging bedrock
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around motion from a major earthquake. This same study also 
demonstrates that the Carson City area has a high potential for 
a large earthquake within a 100 kilometer radius. Therefore, 
bedrock sites where major or public structures are to be built
»
require investigations to determine the effect of the ground 
lotion from earthquakes. Examples of major or public structures 
are: hotel-resorts, casinos, theaters, banks, schools, shopping 
centers, rest homes, and large apartment complexes. This 
classification would also include emergency facilities such as 
police and fire stations, communication centers, power generating, 
rater supply, and sewer facilities, and the National Guard 
Armory.
Ground Motion of the Alluvium 
The earthquake ground motion for a site located on 
alluvium depends upon: (1) the amplitude, the frequency 
characteristics, and the duration of shaking of the bedrock 
earthquake waves, (2) the thickness and character of the alluvium, 
and (3) the dynamic characteristics of the alluvium (Seed, 1969, 
p. 48]. Because of its dynamic properties, alluvium may either 
amplify or dampen ground motion from an earthquake. This deter­
mination of whether a particular alluvial site has the potential 
to cause hazardous ground motion requires a detailed investigation 
and analysis for each location. Therefore, to say that certain 
areas of the alluvium around Carson City may manifest amplified 
ground motion during a major earthquake would be erroneous unless 
numerous, detailed site investigations have been analyzed. To 
date, few sites in Carson City have been investigated for the
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influence of the alluvium on the earthquake ground motion. 
Nevertheless, the lack of test results does not prevent a 
generalization that all the alluvial areas may influence the 
ground motion in some manner. Therefore, because the Carson 
City area has a high potential for earthquake activity in the 
near future, sites where major or public structures are to be 
built on alluvium should be investigated to determine the 
nature of the .influence of earthquake ground motion. The 
areas inhere alluvium may modify the earthquake ground motion is 
shown on plate 3 by the symbol. 2GM and the yellow color.
Liquefaction
Associated with the ground motion of the alluvium is the 
possibility of liquefaction. Liquefaction defines a condition 
{here the upper ground surface (10-15 meters) behaves like a 
'iscous fluid, much like "quicksand". Liquefaction occurs 
principally in unconsolidated, water saturated, sandy soils 
:hat arc subjected to ground motion from sudden, intense earth- 
[uake shocks. This ground motion disturbs the sand's load- 
faring framework and a temporary increase of pore water pressure 
causes the soil mass to liquefy. The result, may be a failure 
f the soil's bearing capacity causing uneven settlement over 
short time period. If liquefaction occurs in alluvium that 
upports the foundations of buildings or other structures, failure 
f those structures may occur because of the nearly instananeous, 
neven settlement. Areas requiring detailed liquefaction-potential 
tudies are located in a wedge-shaped sector between Hot Springs
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Road and U . S. Highway 39 5 , along U. S. Highway 50 near Rand Avenue, and northward from Rand Avenue to the Airport Road 
along a narrow zone west of Lompa Lane. These areas are symbol­
ized by horizontal dashes and 2LQ on the geologic hazards map, 
plate 3.
Flooding
According to a recent watershed study of Carson City by 
the USDA River Basin-Watershed Planning Staff (1972) , northern 
Carson City does not have a major flood hazard. However, there 
are a few, narrow dry drainages that may become hazardous during 
heavy rains. These flash-flood channels are mainly located 
north of Conestoga Drive, east of the airport, and north of the 
Brunswick Substation. During heavy rains, the runoff from the 
relatively impermeable bedrock area north of these drainages 
could cause over-topping of the channels and local flooding, 
in the general area, of Empire along U. S. Highway 50. The 
potentially hazardous channels are illustrated on plate 3 by 
diagonal cross-hatching and the 2FF symbol.
Landslides
Landslide potential is divided into areas with major 
slope instability and minor slope instability. The first category 
is characterized by steep hills with possible failure planes 
in the rock that are sub-parallel to the slope resulting in a 
high landslide potential. Tvto areas on Sugarloaf with a high 
landslide potential are shown on plate 3 by the symbol, 2LS and 
a pattern of diagonal lines. Associated with these laige,
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potential landslide areas is the possibility of minor rock- 
falls. Any structure located on the potential landslides or 
several hundred meters down the slope could be destroyed if 
movement is started. Earthquake ground motion or excavation 
at the base of the slopes could start the landslide movement.
There are numerous areas of minor slope instability 
throughout the bedrock. These unstable slopes consist of 
loose talus deposits, areas of slow down-slope movement of 
the upper ground surface, boulders capable of rolling down the 
slope, and minor rock-fall areas. Possible problems with 
landslides in areas of minor slope instability could result 
from excavations in or near the base of the slopes. The minor 
slope instability areas are illustrated on plate 3 by diagonal 
lines and a 3SS symbol.
Possible Loss of Resources
Another type of geologic hazard not directly related to 
the loss of life or' property is the possible loss of natural 
resources. Possible sand and gravel deposits may be found in 
the alluvium flanking the eastern bedrock area. Exploration 
is recommended because: (1) of the sandy, gravelly nature oi 
the alluvium and ( 2) two gravel pits are already located in 
this alluvium. Features similar to the known gravel pits, 
such as: the site of deposition, the degree of sorting, 
roundness of the gravel clasts, and bedding features ai e seen 
just north of the low hill on the east end of the airport 
runway. This area and the larger sector flanking the bedrock 
requires detailed appraisal before urban development continues.
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Potential sand and gravel source are symbolized by the circle 
pattern and 3SG on plate 3.
For easy reference to plate 3, the geologic hazards of 
Carson City are summarized in Table 5 below:













active faults 1 AF X X X
Potentially
active faults 2 AF X X X
Bedrock ground
motion 1 GM X X
Earthquake ground
motion modified by 
alluvium
2 GM X X
High liquifaction 
potential 2 LQ X X
Flash floods in 
channels or over 
the surface
2 FF X X
Landslides, rock- 
falls, or other 
major slope in­
stability
2 LS X X
Steep slopes with 
talus, soil creep, 
slope wash or signs 
of instability
3 SS X X
Loss of possible 
sand and gravel 3 SG X
resources
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C O N C L U S I O N S
In general, the use of low sun-angle aerial photographs 
to map the environmental geology of Carson City has facilitated 
the identification of numerous tentatively or potentially 
active faults that were previously unrecognized. The method 
of mapping individual outcrops greatly assisted the objective 
description of the geology and evaluation of the physical 
properties. By describing the physical properties, the geo­
logic hazards of Carson City are accurately defined and recog­
nized .
Specifically, the following conclusions are made from 
this investigation:
1. A major northeast-trending structural trend, which 
may be the southwest end of the Carson Lineament, 
is recognized in Carson City.
2. This major structural trend features northeast­
trending foliation of the metamorphic rocks caused 
by tectonite slippage. This foliation is impressed 
on an earlier northwest-trending metamorphic lin- 
eation.
3. Also shown by the major structural trend are two 
major northeast-trending fault zones.
4. One northeast-trending fault zone near Indian Mountain 
is 200 meters wide and at least 8 kilometers long.
This zone contains several parallel faults with 
possible left-lateral, oblique-slip displacement of
Holocene age alluvium.
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5. The other major northeast-trending fault zone is 
sub-parallel to U. S. Highway 50. This zone, 900 
meters wide and at least 6 kilometers long, shows 
left-lateral, oblique-slip faulting defined by:
two northeast-trending faults that displace Holocene 
age alluvium, a wide area of en echelon faults in 
alluvium near New Empire, and possibly 100 meters 
of vertical displacement of the bedrock.
6. These two major fault zones define the main areas 
of active faulting in Carson City. Another area of 
active faulting is a north-trending fault east of 
the Carson Airport.
7. The north-trending faults either curve into or end 
abruptly in the major northeast fault zone along 
U. S. Highway 50.
8. Carson City has a high potential for strong ground 
motion in the near future. This ground motion would 
result from a large earthquake occurring within a 
100 kilometer radius.
9. In the bedrock areas, several unstable slopes have
a high landslide potential. Two of the more critical 
landslide areas are located on Sugarloaf.
10. The loose, water-saturated sandy alluvium northeast 
of Hot Springs Road and along U. S. Highway 50 near 
Rand Avenue has a high liquefaction potential.
11. Several narrow channels draining the eastern bedrock 
areas have a potential for flash-flooding,
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12. Possible sand and gravel resources flank the eastern 
bedrock area.
13. The geologic hazards of Carson City can be avoided 
or reduced if land-use planning considers the 
geologic environment prior to the development of 
the dangerous zones.
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METRIC TO ENGLISH UNIT CONVERSIONS 
APPROXIMATE CONVERSIONS
A P P E N D I X  A
When you know (symbol) multiply by to find
LENGTH
microns 0.00004 inches
millimeter mm 0.04 inches
centimeter cm 0.4 inches
meters m 3.3 feet
meters m 1.1 yards
kilometers km 0.6 miles
AREA
square meters 2m 1.2 square yards
2square kilometers km 0.6 square miles
WEIGHT
kilograms kg 2.2 pounds
Ill
GEOLOGIC TIME SCALE (GILLULY AND OTHERS, 1975)
MILLIONS OF YEARS
ERA PERIOD EPOCH BEFORE PRESENT











































(Geological Society Engineering Group Working Party, 1972)
GRAIN SIZE
Terms Size of Component <PRocks Alluvium Particles Size
boulder more than 256 mm > - 8
very
coarse-grained large cobble 256-128 mm -7 to -8
small cobble 128-64 mm -6 to -8
very large pebble 64-32 mm -5 to -6
coarse-grained large pebble 32-16mm -4 to -5
medium pebble 16-8 mm -3 to -4
small pebble 8-4 mm -2 to -3
granuale 4-2 mm -1 to -2
very coarse sand 2-1 mm 0 to -1
coarse sand 1-0.5 mm 1 to 0
medium-grained medium sand 0.5-0.25 mm 2 to 1
fine sand 0.25-0.125 mm 3 to 2
very fine sand 0.125-0.0625 mm 4 to 3
---—----------- — coarse silt 62.5-31.2 microns 5 to 6
medium silt 31.2-15.6 microns 6 to 7
fine-grained
fine silt 15.6-7.8 microns 7 to 8
very fine silt 7.8-3.9 microns 8 to 9
very clay less than 3.9 < 9
fine-grained microns
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APPENDIX C ( cont.)
TEXTURE AND STRUCTURE
Term Spacing
very thickly-bedded more than 2 meters
thickly-bedded 60 cm - 2 meters
medium-bedded 200 mm - 60 cm
thinly-bedded 60 - 200 mm
very thinly-bedded 20 - 60 mm
closely-foliated 6 - 2 0 mm
very closely-foliated less than 6 mm
DISCONTINUITIES WITHIN THE MASS
Term Spacing
very widely-spaced more than 2 meters
widely-spaced 60 cm - 2 meters
moderately widely-spaced 200 mm - 60 cm
closely-spaced 60 - 200 mm
very closely-spaced 20 - 60 mm
extremely closely-spaced less than 20 mm
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APPENDIX C ( c o n t . )  
WEATHERED STATE
Term Diagnostic Features
residual soil Rock is discolored and completely 
changed to a soil in which original 
rock fabric is completely destroyed, 
There is a large change in volume.
completely weathered Rock is discolored and changed to a 
soil but original fabric is mainly 
preserved. There are occasional 
small cores of less weathered rock.
highly weathered Rock is discolored; discontinuities 
may be open and have discolored sur­
faces, and the original fabric near 
to the discontinuities may be weathered; 
weathering penetrates deeply inward, 
but cores of less weathered rock are 
present.
moderately weathered Rock is discolored; discontinuities 
may be open and have discolored 
surfaces with weathering starting to 
penetrate inwards. Weathered portions 
considerably weaker than unweathered 
rock.
slightly weathered Rock may be slightly discolored, 
particularly adjacent to discontin­
uities, which may be open. There are 
infrequent, noticeable zones of weaker 
weathered rock. Unconsolidated alluvium 
shows weathering features to depths 
greater than one meter. Caliche is well 
developed in the upper 3 meters.
fresh Parent rock or alluvium shows no dis­
coloration, loss of strength, or other 
weathering effects.
APPENDIX D: WATER WELL LOG SUMMARIES
















1 10763 me), S!»i 
Sec. 1
256 232 136 0-110
110-136
136-256






2 12691 rati, swl 194 96 - - 0-23 Clay, boulders
Sec. 1 23-131 Clay Qof
- 131-194 Clay, gravel
3 7428 Cpi SW— oc4’ dvv4 116 35 - - 0-4 Soil
Sec. 2 4-35 Sandy clay
Qi35-47 Sand
47-53 Clay
43-116 Clay, gravel, minor 
sand Qof


















4 10504 swi sEi 103 28 - - 0-4 Sandy soil Ql
Sec. 2 4-52 Sandy clay
52-98 Sand, clay
98-103 Clay Qa-L
5 3760 swi NEi 80 45 75 0-45 Sandy clay
Sec. 3 45-50 Sand Qof
50-75 Sandy clay
75-80 Rock
6 6233 SEj. Swi 160 30 50 0-3 Sandy soil
Sec. 3 3-30 Hardpan Qof
30-50 Sandy clay
50-160 Rock
7 7883 NWI SE| 
Se. 3






















8 5044 NEi Swi 119 18 - - 0-1 Sand soil
Sec. 4 6-12 Clay
Qax12-22 Sand
22-94 Sand, clay
94-119 Coarse sand ~wr?)
9 5056 Nwi 137 125 - - 0-66 Sand, gravel





125-137 Sand and gravel Qof










Coarse sand § gravel 
Sandy clay Q°f(?)



















11 7754 he), - - 157 145 145 0-18 Sandy Loam
Sec. 5 18-120
120-136
Blue clay, silt 
Clay, small gravel Q a2
136-145 Gray clay
145-157 Loose blue shale
12 8611 NE| 
Sec. 5
100 85 "  “ 0-25
25-75
Clay § sand 
Silty sand Qa2
75-85 Sand
85-100 Cemented gravel 
(caliche)
Qof




Clay, broken rock 
Sand 8, gravel
Qa1
30-45 Hard rock (caliche?)
45-108 Broken rock with 
clay seams Q°f(?)
108-160 Rock (caliche?)
160-175 Hard rock (caliche?)
14 13753 NEi, 200 20 130 0-130 Granitic sand



















15 7896 4 4 104 8 - - 0-8 Top soil Qa2Sec. 5 8-72 Sandy clay
72-96 Sand 8 fine gravel Qax
96-104 Cemented gravel
(caliche) Qof
16 7899 4 4 135 125 55 0-10 Top soil 8 clay
Sec. 5 10-30 Clay Qai
30-40 Sand 8 clay
40-55 Clay
55-135 Rock
17 6761 4 4 200 112 114 0-114 Clay 8 gravel Qa2
Sec. 5 114-200 Rock
18 9911 4’ 4 217 130 110 0-50 Sand Qa2
Sec. 5 50-110 Sand 8 Boulders Qpg(?)Q°f (?)
110-217 Rock
19 8436 seJ, swi 131 100 - - 0-12 Top soil Qa 2
Sec. 5 12-28 Coarse sand
28-90 Sand § gravel Qof
















20 5841 SEi Slj| 161 4 - - 0-30 Sandy soil
Sec. 6 30-80 Fine sand § clay Qa2
80-143 Sand, silt
143-161 Coarse sand Qax
21 11262 not re- 515 16 390 0-12 Sand with hardpan
ported at 4 feet Q a2
Sec. 7 12-62 Coarse sand —
62-68 Clay 8 gravel Qaq* 68-80 Clay § sand
80-227 Clay, sand § gravel
227-390 Hard cemented sand
§ gravel Qof(?)
390-499 Decomposed granite
499-515 Granite with quartz
22 6040 not re- 570 48 290 0-9 Top soil




136-290 Granitic sand I
290-470 Solid granite,


















23 7016 NE-J-, Nwi 
Sec. 8
150 43 131 0-131
131-150
Sand § clay 
Rock
Qa2-Qa2
24 6188 SW~, Nivi 120 53 96 0-46 Sandy gravel Qa?
Sec. 8 46-64 Sandy clay
64-96 Clay and rock Qpg
96-120 Rock
25 11503 Swi NIVj 284 1 -  - 0-20 Sandy clay, sand,
clay Qcu









226-267 Clay § gravel
267-272 Sand

















26 5638 swi, Sl(i 431 15 307 0-3 Top soil
Sec. 8 3-6 Hardpan (caliche) Qax
6-165 Sand, clay layers
165-182 Silt
182-198 Sand fT gravel
198-210 Silt





27 6190 NEj, Swi 136 75 120 0-4 Soil
Sec. 9 4-50 Hardpan (caliche) Qax
30-75 Sand, sandy clay
75-120
120-136
Hard clay, sand 
Rock Qof(?)Qpg(?)
28 6826 SU'i SW| 200 90 - - 0-2 Sand
Se. 9 2-9 Hardpan (caliche) Qax
9-21 Clay

















29 1817 4 150 33 80 0-2 Granitic sand Qa2
Sec. 9 2-6 Hardpan (caliche)
Qa16-80 Sandy clay
80-150 Rock
30 316 SEp NEj 238 217 - - 0-12 Yellow clay
Sec. 10 12-21 Sand Qa1
21-100 ■ Sandy clay
100-112 Sand
112-217 Clay, rocks (gravel) Qof
217-220 Sand
220-228 Clay, rocks (gravel)
31 10593 NE^, nwJ 132 37 120 0-2 Sandy soil
QaxSec. 10 2-4 Hardpan (caliche)




























32 3138 SWj, w i 104 30 34 0-34 Clay § rock (gravel) Qax
Sec. 10 34-104 Gray rock —
33 8358 SE-J-, NW^ 120 112 - - 0-15 Top soil
Sec. 10 15-80 Clay with minor sand Qax
80-85 Coarse sand
85-112 Clay with minor sand
112-120 Sand § gravel Qof
34 5840 NET’ 200 130 0-5 Top soil Qa1




156-200 Rock and clay
35 8420 Swi NE^ 187 160 0-5 Topsoil Qa-L
Sec. 11 5-20 Boulder and clay Qof
20-187 Sand and gravel
36 7344 Nwi NWI 212 70 0-30 Sand
Sec. 11 30-70 Sand/clay Qax
70-180 Sand

















37 6291 SB*, nwJ- 668 398(?) 0-30 Black clay
Sec. 15 30-398 Sand and clay Qa2
398-668 Hard blue clay 
(bedrock)
38 14436 NW}, SwJ- 230 4 0-2 Granite sand
Sec. 15 2-10 Blue clay Qa2
10-20 Blue sand
20-230 Blue clayey sand Qax(?)
39 14374 n4» SEi 360 11 0-2 Topsoil
Sec. 15 2-110 Sand and medium 
gravel QaxC?)
110-125 Clay and sandy clay
125-360 Sand and medium 
gravel Qof
40 7310 seJ, nwJ 454 340 0-2 Topsoil Qa2Sec. 15 2-33 Sandy clay
33-196 Granitic sand
196-200 Blue clay Q3-, (?)
200-230 Fine sand and mica

















41 3362 seJ> 407 22 - - 0-40 Sand and clay Qa x








Qa 1 (?)  
Q ° f  (?)
210-260 Sandy clay
260-407 Clay, gravel, boul­
ders Qpg
42 5603 NWj, Nwi 265 30 260 0-20 Sand Qa2
Sec. 16 20-30 Shale (silt?)
30-80 Sand and small 
gravel Qa x (?)
80-120 Sand



















43 5603 NW-j, Nwi 265 135 260 0-20 Sand Qa2
•Se. 17 20-30 Shale (silt?)
30-120 Sand and small gravel Qax C?)
120-135 Sandy shale —
135-260 Sand and small gravel Q p g(?)
260-265 Hard rock
44 13111 4th and 595 0-210 Sandy clay, gravel
Stewart and sand Qa i ( ? )
Sec. 17 210-460 Clay, minor sand and* gravel
460-595 Clay, sand, sandy
gravel Q o fC ?)
45 10564 SE± SEi 803 0-250 Sandy clay, sand
Sec. 17 and gravel (?)
250-803 Sandy clay, clay
46 5061 Nw|, NW^ 357 102(?) 0-4 Topsoil
Sec. 18 4-6 Sand Qa2
6-80 Sand and clay
80-102 Sand Qa1 (?)
102-250 Rock (bedrock?)




























(Geological Society Engineering Group Working Party, 1972)
A P P E N D I X  E
RELATIVE STRENGTH OF ROCKS
Term (modified) Point-load Strength (lbs/in2)




very weak less than 800
MASS PERMEABILITY OF ROCKS
















-9 - 5 10 to 10
unjointed, solid impermeable less than 10 9
RELATIVE STRENGTH OF ALLUVIUM
Term Field Assessment
very strong pick removes lumps of alluvium, 
which can be abraded and broken 
with hands.
APPENDIX E (cont.) 
RELATIVE STRENGTH OF ALLUVIUM
130
Term Field Assessment
strong requires pick for excavation; 
50 mm diameter, wooden peg 
difficult to drive more than
100 mm
weak can be excavated wtih spade; 
50 mm diameter, wooden peg 
easily driven
very weak excavations slough immediately; 
can be excavated with hands
MASS PERMEABILITY OF ALLUVIUM
















1—* o 1 V
O to 10‘5
clays, silty clays, 
gravelly clays
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